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S et Interactive! 


> cicvitprogramsiscope.c 
e Edit View Build Run (0S Library Window Options Help 


1 Fluke 45 Digital Th 


? Tektronix TDS DS 


maint ) 


£145 _config_prim_ }= TDS Oscilloscope 


TekTDS_Init (2. 1] & 
TekTDS_Config_Vertica 


handle = LoadPanel (0. "“scope.uir". 
DisplayPanel (handle): 
RunUserInterface (): 


int RunTest (double upperLimit. double low : “CHANNELI || CHANI L2 || TIMEBASE 
{ :  UsDiv | eee iv i Sec/Div _ 
J i awe a 


InitializeTests(): 
RunSequence(): 
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LabWindows/CVI 
The Programming Power of C, the Development Ease of BASIC 


iscover a new approach to C programming for C Programming Flexibility 

instrumentation — the interactive approach. With LabWindows/CVI is more than just interactive tools to 

LabWindows/CVI, you harness the power and make programming easier. With LabWindows/CVI, you 
flexibility of ANSI C through easy-to-use interactive have the power and flexibility of ANSI C at your finger- 
code-generation tools. LabWindows/CVI is an ANSI C tips, so you can be assured that it is fast enough, powerful 
programming environment with GUI objects, enough, and flexible enough to get your job done. Plus, 
instrumentation libraries, data analysis functions, and the integrated LabWindows/CVI environment has the 
utilities specifically designed for data acquisition and advanced editing, compiling, and debugging tools you 
instrument control systems. expect. Combining the power of ANSI C with an interac- 

tive, BASIC-like development environment results in true 
Interactive Development programming productivity. 
As an instrumentation system developer, you need quick 
results. With LabWindows/CVI function panels, you can You don’t have to sacrifice ease of use when you program 
interactively acquire data from plug-in boards, or control in a standard language anymore. 
GPIB, VXI, and RS-232 instruments 
without writing a single line of code. Call for a FREE 
Then, use function panels to generate \ iN ATION AL LabWindows/CVI 
code automatically and jump start demo disk 
your programming efforts. INSTRUMENTS (800) 433-3488 
The Software 1s the Instrument® (U.S. and Canada) 


P us at Comdex, booth S785 
6504 Bridge Point Parkway ¢ Austin, TX 78730-5039 ¢ Tel: (512) 794-0100 © 95 (800) 010 0793 (Mexico) ¢ Fax: (512) 794-8411 


Branch Offices: Australia 03 879 9422 ¢ Austria 0662 435986 ¢ Belgium 02 757 00 20 ¢ Canada 519 622 9310 * Denmark 45 76 26 00 « Finland 90 527 2321 ¢ France 1 48 14 24 24 e Germany 089 741 31 30 
Italy 02 48301892 ¢ Japan 03 3788 1921 ¢ Netherlands 03480 33466 * Norway 32 848400 « Spain 91 640 0085 * Sweden 08 730 49 70 ¢ Switzerland 056 27 00 20 « U.K. 0635 523545 


© Copyright 1994 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 
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ASIC solutions from 
digital to analog and. 
everything in between. 


TEMIC Semiconductors has 
every ASIC technology you 
need for your next creation. 


With thousands of successful 
projects completed by Dialog 
Semiconductor, Matra MHS 
and EZIS, these TEMIC 
companies have an unrivaled 
history of designing and 
supplying the most complete 
range of ASICs to customers 
around the world. 


They’re used in industries 

from consumer, automotive and 
computers, to telecommunica- 
tions and aerospace. 


Using a variety of methodologies, 
TEMIC Semiconductors can 
integrate any system based on 
digital logic, mixed signal, pure 
analog and even RF, thanks to 
its unique mix of processes 
and skills. We support your 
project from initial idea 
through to volume production, 
after carefully reviewing the 
specific criteria of each case. 


Whether it’s performance, 
power, size, cost, security or 
flexibility that’s important to 
you, TEMIC Semiconductors 
will ensure the optimum ASIC 
solution is chosen, whatever 
your application. 


For more information, contact 
your local TEMIC sales office, or 
call 1-800-554-5565, ext. 943. 


TEMIC 


A Company of AEG Daimler-Benz Industrie 


2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995. 

Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor. 
TEMIC European Sales: UNITED KINGDOM: 0344-485757. GERMANY: 0310 857 320. FRANCE: 1 30 60 70 00. 
ITALY: 02-332 121. SCANDINAVIA: 08-733 0090. ©1994 TEMIC. All rights reserved. 


2.5KHz-8GHz AMPLIFIERS 


(3 Piece Set) 


nae 
iene: 


Expand laboratory capabilities and put a full spectrum of power 

at your fingertips with Mini-Circuits 2.5KHzZ to 8GHZ medium 

power amplifier set. Each ultra-wideband set contains three 

: individual heat sinked RF amplifiers with at least +20dBm output 

" , and overlapping frequency response range capabilities ; 2.5KHz 

: to SOOMHz, 1OMHZz to 4.2GHz and 2GHz to 8GHZz. Applications 

$1095: (Set of 3 1-9 qty.) for these amplifiers include increasing the signal levels to power 

onl +20dBm Power Output, 20dB Gain meters, spectrum analyzers, frequency counters and network 
analyzers as well as boosting signal generator outputs. 


: - secisel ae mY ied _ oe , You can buy these amplifiers individually at Mini-Circuits already 
req. ain mM O urren onn. Price 
ec (MHz) (dB) Compression V mA ‘Type (1-9aty.) [OW Prices, or own the full spectrum set for the money saving 
ZHL-6A 0025-50021 +23 +24 350 BNC 199 price of only $1095 (1-9 qty.) ! To order from stock with a guarantee 
ZHL-1042J 10-4200 25 +20 +15 330 SMA 495 to ship within one week, call Mini-Circuits today ! Ga 

ZRON-8G 2000-8000 20 +20 +15 310 SMA = 495 

Set of 3 Amplifiers # KZHL-318: $1095 (1-9 aty.) Mini-Circuits...we’re redefining what VALUE is all about! 


C_] Mini-Circuits’ 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
r detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. oe 
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COVER STORY 


GREEN YOUR PC 

Cover photo courtesy Intel 
Corp; Digital photography 
by Richard Wahlstrom 


CPUs, chip sets, 
and BIOS join 
to green your PC 


Green batteries: 
changing the rules 
for design 


Getting green pc boards 
becomes a burning issue 


Combine software tools 
to devise your own 
FPGA-verification 
environment 


Green strategies cope 
with electronic products’ 
energy and end of life 


Secondary cache 
increases performance 
and reduces power use in 
portable PCs 
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Green Batteries 


a DESIGN FEATURES 


Green PCs, designed to better our environment through conserva- 
tion, have become the norm. Although many peripheral devices 
have built-in mechanisms to manage power automatically, the 
majority of a system’s green capability can be attributed to the CPU, 
its associated chip set, and the BIOS.—Markus Levy, Technical Editor 


Environmental concerns are changing much in our society—includ- 
ing the design of portable electronic products. 
—Dan Strassberg, Senior Technical Editor 


Constituents of today’s pc-board material limit flammability but 
exude evil gases when burning. Tomorrow’s pc-board material burns 
cleanly and is well ahead of controlling legislation. 

—Brian Kerridge, Senior Technical Editor 


Armed with working knowledge of a modeling language such as 
VHDL and a simulator, you can verify an FPGA’s design and reduce 
prototype-debugging time. This article discusses verifying FPGA 
designs and provides concrete examples demonstrating this practi- 
cal, low-cost approach.—Leo Bredehoft, Netrix Telcom Systems 


Emerging design-for-environment techniques will help keep 
Mother Earth green.—Jim Lippke, Consultant 


For some time, the main focus of portable-computer development 
has been to extend the computer’s operating time on a single bat- 
tery charge. Performance considerations were secondary. However, 
now that portable operation ranges to eight hours plus, the focus is 
shifting toward improving operating performance. The new chal- 
lenge is to improve operating speed without sacrificing the gains in 
mobile operation time. 

—J Thomas Pawlowski, Micron Semiconductor Inc 
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Move your ideas 
ahead faster with TT's 


DSP-based 


oday, digital signal processors are being 
Te into more of tomorrow’s_ break- 
through products for a competitive edge. And the 
DSP Solutions that are in more designs are those 


made by Texas Instruments. 


Twelve years long, fifteen 


thousand strong. Experience. 


It comes from 12 years of help- 
ing designers extend their 
reach to create more advanced 
products with DSPs. And with 


a track record of supporting 


Performance 


15,000 customer products from 
various markets, we under- 
stand what you're looking for in 


a DSP Solutions supplier. = 


From $3 to 2 billion operations per sec- 
ond, the TMS320 family has your solution. 
Technology. No other DSP supplier has the breadth 
of price/performance solutions that get you to 
market faster. With a better product. 


We have the product you need. From our dedi- 
cated solutions, to our customisable, application- 
specific or general-purpose fixed- and floating-point 
programmable devices, to our 2-billion-operations- 
per-second parallel programmable TMS3820C80 
MVP. You'll also find a suite of mixed-signal products 
to complete your DSP design solution, such as our 


families of converters and interface circuits. 


EX TENDING 


ee 


YOUR 


solutions. 


And no one has more worldwide DSP manu- 
facturing capability. So, whatever you're working 
on today, or thinking about for tomorrow, think of 
TI as the one to help. 


Development support how you need it. 
When you need it. At TI, we 
provide you with the most 
highly acclaimed DSP support 
program. Including off-the- 
shelf, world-class development 
tools, a hot line staffed by DSP 
experts, a 24-hour bulletin 
board, real-world application 
notes, DSP-design textbooks 


- and the industry’s largest net- 


1994 2000 


work of third-party developers, 
including the TMS320 Software Co-op. 


Our DSP information will get you going. 
Fast. No one makes it easier to design with DSPs 


than TI. Because no one else has the experience 


and the technology, as well as the wate 
support. And no one else a <n 
has the power of Ga 
Total Integration™ 
For more informa- 


tion, simply circle For only $99, you can get the Tl DSP 
Starter Kit. It offers you a low-cost, easy- 
to-use tool for initial understanding of TI 
TMS320 DSPs. And includes board, 
assembler and debugger software, sam- 
ple programs and documentation. 


the number below 
on the reader 


service card. 


R EAC H" 


sa TEXAS 
INSTRUMENTS 


© 1994 TI 
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SIEMENS 


Bringing You 
the Big Picture 


We may not be center stage in all 
areas of consumer electronics, but 
we set the scene for technical 
advances In TV, video, satellite and 
in-car entertainment. 


As well as digitalization based on 

our world leading DRAM expertise, 
we offer fully integrated solutions — 
, based on ASICs and custom 
ICs-solutions that will put 
you in the limelight. 


Take picture-in-picture, or 
PIP as it’s better known. We 
put filter and computer func- 
| tions as well as memory and 
D/A convertors on a single 
slice of silicon. Another star 
performer is our MEGATEXT® 
chip, which has set a new 
world standard for teletext 
with its 700,000 transistors. 
And our digital signal pro- 
cessing for 100 Hz TV is recognized 
as the ideal solution throughout the 
industry. , 


Expect highlights in support, too. 
From software to prototype design, 
our vast expertise is on hand for 
fast and reliable assistance. 


More information by fax 
49-911-3 00 12 38, quoting HL 9118 


Global PartnerChip 
for Systems on Silicon. 
Siemens 
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MULTILAYER PCB’s 


FAST & ACCURATE ... 


CIRCUIT BOARD LAYOUTS, 
MANUFACTURING & ASSEMBLY 


We put production into high gear for you. In fact, we can 
deliver your product in as little as two days if needed - and 
still preserve the first-rate quality we’re known for. On time. 
Every time. We’re here to get your project moving fast. 


“Your Satisfaction is our 
No. 1 Concern.” 


4761 E. Hunter Ave. 


Anaheim, CA 92807 A 


Phone: 714/970-2430 / 
Fax: 714/970-2406 | 
Modem: 714/970-5015 


What does it take to be “The 
World's Best Aerobic Exerciser”? 


It takes a total-body exerciser. 
A machine capable of exercising all major _ 
muscle groups, not just your legs. r 


It takes a 

cardiovascular exerciser. 

A machine that exercises your heart, 
not just specific muscle groups. 


It takes a 

calorie-burning exerciser. 
A machine that can burn up to 
1,100 calories per hour. 


It takes a safe exerciser. 

A machine that can’t damage 

your knees like stairsteppers, or injure a gal 
your back like hydraulic-cylinder rowers. 

It takes an exerciser you'll use. 

Recent independent studies show that after five 
years, 7 out of 10 owners use their NordicTrack® 
exerciser an average of three times a week. 


It takes a NordicTrack. 
Nordic rack 
A CML Company 


©1994 NordicTrack, Inc., A CML Company « All rights reserved. 


¥ «Independently Adjustable 
Upper-Body Exerciser 


e Electronic Feedback 
e Stand-Up Position 


e Independently Adjustable 
Lower-Body Exerciser 


e Non-Jarring Motion 
e Adjustable Elevation 


e Patented Bhd and 
One-Way Clutch Mechanism 


e 30-Day In-Home Trial 


FREE VIDEO & BROCHURE 
CALL: 1-800-441-7891 


Ext. 13L K4 


: il “Also ¢ a PRE VHS Sina 

y Name —_________ Phone ( ) —| 
ee i 
ECity State Zip i 
i 

i 


i Call or send to: NordicTrack, Dept.13L K4 
. 104 Peavey Road, Chaska, MN 55318-2355 
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PLUKE. 


Now Incorporating 


INTRODUCTION PRICE 


NLG 7.750,- 


CALL NOwys! 
“For the price in your country, contact your local sales office. 


uke’s new 2 channel, 100 MHz Autoranging Scope - a valuable second opinion on your V Waveform on the external trigger input. 
50, the PM3380A, packs more useful features DSO picture, instantly! It’s almost another channel! 

an any other scope in its price class. Which V Sampling rate equivalent to 10 GS/s! Thanks to V And more Including glitch triggering, triggered 
akes it amazing value-for-money. Check the full-time resolution at fast timebase settings. delayed timebase, up to 16k memory per 
itures for yourself. V True digital peak-detection. With oversampling channel, glitch capture, closed case calibra- 
i Autoranging. Keeps you going with instant to catch those elusive signal com onents. tion, built-in video line counter, program- 


results all the time! Just probe your circuit mable probes and RS-232¢ interface 


Standard. 


The CombiScope PM3380A. 
Call for the full picture. 


and watch the scope work for you, auto- 
matically and continuously. 

| Analog scope built-in. Just push the yellow 
button and your DSO becomes a true analog 


Copyright 1994 Fluke Corporation. All rights reserved 


Austria (1) 61410-0, France (1) 4896 6363, Ireland (061) 330333, Portugal (01) 795 1712, For countries not listed, call 
Belgium 02-331 27 77. Germany (0561) 95940, Italy (02) 268 4347. Spain (91) 804 2750 Fluke Europe BV, 
Denmark 43 44 1900, Great Britain (0923) 240511, Netherlands (040) 644100, Sweden (08) 751 02 30, tel. +31 40 644 200 or 
Finland (90) 5026 600. Greece (01) 4894911. Norway (22) 65 34 00. Switzerland (01) 730 3310 fax +31 40 644 299. 
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Until now, monolithic power amplifiers capable 
of delivering current in the 5A range were limit- 
ed to working off 80V total supplies at best. 
With the PA45, total voltage supplies in your 
design can push 150V—a feat that even goes 
beyond the realm of most hybrid amplifiers. 


» 85W Power Dissipation 

@ 20V/us Slew Rate 

@ FET Output, No Second Breakdown 
@ $/10K = $17.90 

@ Evaluation Units Available Now 


Free Data Book And 
Application Notes 


Call 1-800-862-1015. 


Cr 


Oe ee SUPPLIES 
FOR EFFICIEN 


APEX MICROTECHNOLOGY CORPORATION 
5980 N. Shannon Road, Tucson, AZ 85741-5230 
For Product Information or Apps Assistance Call 
1-800-862-1015 or FAX (602) 888-3329 
iz) 277 288m 0130 81 3599 
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er en 488510 REP.$ 
(8) 795 9650 
TURKIYE (1) 337 2245 
U.K. (844) 278781 
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Pushing 


the Envelope 


The Toshiba 14700CT can run your most intense applications or even help you run a presentation. With its SL Enhanced 
1486"DX2 50MHz processor, it easily handles graphics-rich programs. The built-in multimedia capabilities let you create and 
give breakthrough presentations anywhere, all on Toshiba’s stunning color active matrix screen. With so much going for it, 

buying a 14700CT notebook is a very sound decision. For a Toshiba dealer near you, call 1-800-457-7777. 


Incredible Sound: The on ter you'll ever Two separate A multimedia 
An integrated sound need: The optional Desk Station IV, PCMCIA slots: roadshow: Headphone 
system and built-in # lets you instantly connect to your A 16mm and a or external speaker port 
speaker let you =~ network, printer, VGA monttor, 5mm slot are your and microphone jacks 
enjoy fantastic sound mouse, and full-size . keys to expansion, make the T4700CT 
whenever you want. keyboard. —for modems, perfect for 

storage and more. presentations. 


T4700CT FEATURES: 
¢ 50MHz SL Enhanced i486"DX2 
* 9.5” dia. color TFI-LCD active matrix display 
¢ 256 simultaneous SVGA colors at 
640x480 resolution 
¢ 320/200MB HDD 
¢ 8MB RAM expandable to 24MB 
¢ Two PCMCIA slots (16mm and 5mm) 


¢ VL local-bus video 

¢ Integrated graphics accelerator 

¢ Built-in microphone 

¢ WAV Audio capabilities 

* Audio jacks: headphone/speaker, microphone 
¢ NiMH battery for extended life 

¢ QuickCharge battery recharge system 

e 3.5” 144M floppy disk drive 


In Touch with 


¢ BallPoint™ mouse with QuickPort™ 
* MaxTime” Power Management system 
¢ LCD status icon bar 
¢ DOS", Windows”, and Windows Sound 
ee software pre-installed 
¢ Toshiba Technical Support line: 
7 days a week, 24 hours a day 


EPA POLLUTION PREVENTER 
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The LM12434/8 ~ A 12-bit mono- 
The Fastest 


9] R @ lithic serial I/O system-on-a-chip with fast, zero- 
-Bith— 

glue-logic serial interface to all the popular 

S In 2 | e - C h Dp microprocessors ~ Analog front end includes 4- or 

Data Acquisition System 


(i140 ksps) 


8-channel mux and 12-bit+sign ADC with sample- 


and-hold ~ Digital features include user-program- 
mable conversion sequencer with 8-word RAM for instruction storage, 16-bit delay timer, and 32-word 
conversion FIFO ~ Specified for high speed (140ksps with 45mW [max.] power consumption @ 5V) 
or low power (105ksps, consuming 20mW [max.] @ 3.3V) — For ordering information and a 


product information kit with free evaluation software, call 1-800-NAT-SEMI, Extension 319. 


National Semiconductor 


©1994 National Semiconductor Corporation. NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1-800-628-7364, Ext. 319 Fax: 1-800-888-5113). All rights reserved. 
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HRINK YOUR 
ESIGN AND YOUR COSTS 
WITH HARRIS ICON RE IC 


Squeeze ounces and inches out of Features 


your next wireless project — and 


dollars out of your cost budget — HFA3600 LNA/Mixer 
with new RF front end ICs from te oe ¢ Power consumption: 11mA @ 5V, 
Harris. Our HFA3600 LNA/Mixer Mes a 1.2 mW (sleep mode) 


e INA noise figure: 2.3dB 

¢ Mixer OIP: +3.2dBm 

¢ Integrated 50Q matching 

e Integrated power down function 
¢ Just $1.82 (5000s) 


gives you low-power, low-noise 
900 MHz performance in 40% 
less space than discretes. Yet they 
cost just $1.82 each in 5000 piece 
quantities. And it’s part of a whole 
family of high-performance, low-cost 
Harris silicon RF ICs, including our 
HFA3102 Dual Long-Tailed Pair 

Transistor Array and HFA3101 

Gilbert Cell. They all pack a lot of 
product into a package that’s 

compact — with a price to match. 


HFA3102 Dual Long-Tailed Pair 
Transistor Array and HFA3101 
Gilbert Cell 


¢ Power Gain Bandwidth: 5 GHz 
¢ Current gain: 70 

e Excellent hfe and Vbe matching 
¢ Just $1.80 (5000s) 


Power HFA3102 HFA3101 
Amplifier Pre-amplifier y 


HFA3101 
pconverter Upconverter 


etn 


— 2 os 


As with the HEA3600, the honeybee packs a lot of 
potential in a small package and the rewards are 
inexpensively sweet. 


nie, 


Call 407-724-3818 and request documents: 


3655 (HEA3600), 3635 (HEA3101), 3663 (HEA3102). tat MARRIS 


Or call 1-800-4-HARRIS and ask for extension 7266. SEMICONDUCTOR 
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Media accelerator blends audio, graphics, and video data 


A new media accelerator from Brooktree provides high- 
performance graphics, 16-bit audio, full-screen 
1280 1024-pixel graphics, and 30-frame/sec video win- 
dows in a single three-chip set. The product employs a 
packet-based multimedia architecture, a 1-Mbyte frame 
buffer, a suite of software drivers, and a connection to the 
PCI or VL bus. Brooktree is targeting the product for both 
add-in cards and the next generation of Pentium-based 
motherboards. 

The BtV MediaStream includes software-based MPEG 
decompression and software-based wave-table synthesis. 
In addition, a BtV-based PC can optionally output all-dig- 
ital sound directly to consumer devices with digital input 
ports, including digital audio tape and CD players. The 
MediaPacket architecture converts all multimedia data 
inputs, including sound, into data packets that a local bus 
transmits and processes. 

The product comprises the BtV2115 MediaStream con- 
troller, an audio I/O-controller chip, and a packetized-data 
DAC (PACDAC) D/A converter that provides graphics and 
mixing capabilities. Because the PACDAC resides in the 
back end of the subsystem, video remains in its smallest 
native format until it passes through the MediaBuffer, a 
central unified buffer. This approach reduces memory, 
bandwidth, and quality problems below those of systems 
that scale up the video before sending it to the frame buffer. 

The BtV2115 MediaStream controller provides graph- 
ics-user-interface acleraucn ie line, draw, pee a) 


SPARC upgrade hits 90 MHz 


A confluence of technologies allows 
Ross Technology to offer SPARC-system 
users upgrades that can replace 40- and 
60-MHz CPUs with as many as four 90- 
MHz CPUs. The technologies include a 


One way to characterize HP’s 
54620A is to call it a $2995, 
16-channel logic-timing ana- 
lyzer for people who have 


plus central video-in and audio-I/O control. An optional 
BtV VideoStream decoder allows video capture. In this 
mode, the BtV MediaStream subsystem handles all 
NTSC/PAL/S-video sources. Price for sample quantities of 
the chip set is $95. Production quantities will be available 
in the second quarter of next year.—by John Gallant 
Brooktree Corp, San Diego, CA, (800) 228-2777. 
Circle No. 460 
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Brooktree’s BtV MediaStream accelerates audio, graphics, 
_ meee in a appenons 


The result is a unit that—at 
its fastest sweep speed—takes 
500M samples/sec (2-nsec res- 
olution), captures 3.5-nsec 


three-layer-metal, 0.5-,.m, 3.3V CMOS 
process from parent company Fujitsu, 
the HyperSPARC architecture, and a 
multi-die packaging technique using sil- 
icon substrates. Together, the technolo- 
gies allow Ross to pack a CPU, a chip 
set, and a 256-kbyte cache into a 131- 
pin PGA, enabling SPARCstation M-bus 
modules to contain two CPUs each. The 
modules run at the bus-interface speed 
of the host system and provide their 
own 90-MHz clock for the CPU. SPARC- 
station 10 and 20 users and SPARCserv- 
er 630/70/90 users can use two mod- 
ules, bringing as many as four CPUs 
into play. The upgrades range in price 
from $5141 to $17,870 and are SCD- 
compliant.—by Richard A Quinnell 

Ross Technology Inc, Austin, TX, (800) 
774-7677. Circle No. 461 


always done digital trou- 
bleshooting with a scope. 
Many people have found that 
learning to use a logic ana- 
lyzer is simply too time-con- 
suming. So they continue to 
use a scope, even though, 
once they became familiar 
with the logic analyzer, they 
could get the job done much 
faster. 

HP bases the instrument’s 
design on that of the highly 
successful 54600 family of 
low-cost digital storage oscil- 
loscopes. After extensive mar- 
ket research, the designers 
stripped away some of the 
more arcane features of high- 
performance logic analyzers. 


glitches at any sweep speed, 
offers a delaying sweep and 
split-screen display like those 
familiar to most scope users, 
and includes a triggering sys- 
tem that is both flexible and 
easy to understand. The ana- 
lyzer triggers on signal edges 
from any channel or an exter- 
nal source, high/low/don’t- 
care patterns from all chan- 
nels, logical combinations 
and sequences of patterns, 
and patterns that repeat for a 
specified number of times or 
a specified interval. 

The analyzer’s cursor- and 
automatic-measurement 
modes should be familiar to 

(continued to pg 18) 
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scope users. Another feature helps you Keep track of 
the meanings of the many displayed signals; a label- 
ing facility lets you select signal names from a menu 
of standard names augmented by the 85 names you 
defined most recently. The unit groups its 8-pf- 
capacitance inputs into a pair of eight-channel 
pods.—by Dan Strassberg 

Hewlett-Packard Co, Santa Clara, CA, (800) 452- 
4844. Circle No. 462 


Although HP’s 54620A looks like a scope, it is a low-cost, 16- 
channel logic-timing analyzer with 2-nsec resolution and con- 
trols that users can learn rapidly. 


Philips ties with IBM and buys HDL Systems 


hilips Electronics and IBM are setting up joint 

manufacturing to increase Philips’ capacity for 0.8- 

4m wafers and to provide access to IBM’s DRAM 
technology. The venture will be based at IBM’s plant in 
Boeblingen Hulb in Germany, which manufactures 4- 
Mbit DRAMs. The companies are planning for Philips to 


(continued on pg 20) 
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UH-OH... I SMELL A 
CREATIVE IDEA BEING 
FORMED SOMEWHERE 
IN THE BUILDING. 
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Processor-core deal adds 
vital element to ASIC range 


An exclusive licensing agreement between Alcatel Mietec 
(Belgium) and Nordic VLSI (Norway) adds an 8-bit wRISC 
processor core to other significant features of a new range 
of ASICs from Alcatel Mietec. Alcatel Mietec is one of 
Europe’s leading suppliers of mixed-signal ASICs to auto- 
motive, industrial, and telecommunications markets. 
The new range—Intelligent Interfacing Technology 
(I?T)—aims to consolidate that position, ahead of closest 
rivals Motorola and Texas Instruments. 

I?T ASICs use a 0.7-~m, 5V CMOS process for high-den- 
sity digital circuitry, to which you can add various mod- 
ules to increase functionality, particularly for interfacing 
applications. The additions include Nordic’s MTC-8308 
wRISC module, linear analog modules, high-voltage 
switching modules, and memory modules. I?T ASICs 
maintain compatibility with Mietec’s ASIC device 
libraries, and the modular-design approach offers flexi- 
bility to control cost by limiting mask count. 

Nordic’s MTC-8308 core is a 40-MHz 8-bit processor with 
up to 4 kbytes of ROM, 192 bytes of RAM, and 31 instruc- 
tions. Mietec has integrated a set of design tools that sup- 
port Nordic’s core into its the “MADE” ASIC design system. 
The tools include a C compiler, a macro assembler, a VHDL 
model, a software simulator, and a hardware emulator. 

I?T ASICs include 12V CMOS and bipolar modules 
(including an 18V capability for programming) for linear- 
analog functions. The ASICs also include 100V n- and p- 
type DMOS modules for high-voltage switching func- 
tions. By mid-1995, the company will add a 
one-time-programmable, nonvolatile, 100-bit memory 
module for functions such as identification and calibra- 
tion. Other future additions include up to 8 kbits of 
EEPROM, 64-kbit flash-memory modules, and 16-bit 
MTC-8316 and DSP MTC-8300 modules. 

—by Brian Kerridge 
Alcatel Mietec, Brussels, Belgium, 2 728 18 11. 
Circle No. 463 
Nordic VLSI, Flatasen, Norway, 72 58 62 11. 
Circle No. 464 
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POWER FO 


Communications 


_ Vicor Corporation, the leader in the component 
power industry, understands the needs of the 
telecommunications power system designer. 


Our DC-DC converters and converter-based “total 
solutions” are designed to provide maximum — 
flexibility and quick time to market, with safety 
agency approvals (UL, CSA, TUV, VDE, BABT and 
UL94V0), a fixed form factor that enhances future 
upgrades and user definable outputs. Standard 
‘models are battery plant compatible, with 24V and 
48V input versions for cellular and central switching 
applications. Our automated manufacturing facilities 
_are ISO and BABT approved, and our converters 


Component Solutions For Your Power System 


Vicor Corporation 23 Frontage Road * Andover, MA. 01810 USA ° Tel: (508) 470-2900 ¢ Fax: (508) 475-6715 
icor Europe Carl-von-Linde Strasse 15 D-85748 Garching-Hochbruck, Germany « Tel: +49-89-329-2763 © Fax: +49-89-329-2767 
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have been field-proven through an installed base of — : 
over 3 million units, with demonstrated Bal die 3 as 
high as 20, 000,000 hours. 


In short, the inherent “plug a ane play” flexibility of) 

our high density DC-DC converters ; ives youthe 
power for communications.. .whenever and wherever 
required. And all Vicor products are supported by a 
as applications staff that’s ae phon call ues 


For more information on our complete ie ol 
component power products and total power solutions, 
ete us a call at on) 735-6200. 


VICOR 


Vicor Asia-Pacific 10F, No. 7, Ho Ping E. Road, Sec. 3, Taipei, Taiwan « Tel: 886-2-708-8020 © Fax: 886-2-755-5578 
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license IBM’s 16-Mbit technology for embedded DRAM 
applications in consumer and multimedia products. 

Philips Semiconductors has also acquired 100% of 
HDL Systems (Sunnyvale, CA), a manufacturer of 32-bit 
wPs. Philips needs a 32-bit architecture to offer users a 
performance path from the 8-bit embedded 80CS1 via 
the recently announced 16-bit 80C51 extension. 

HDL’s MR300 processor core—designed under Mips 
R3000 RISC license— provides Philips with an easily 
extensible architecture for the embedded-microcon- 
troller market. The MR300 uses zero power when the 
clock stops; this static design is critical to Philips’ many 
battery-powered applications.—by Brian Kerridge 

IBM Europe, Germany, (7117) 853407. 
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Philips Semiconductors, Eindhoven, The Nether- 


lands, (40) 722091. 
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Book helps you manage 


system power 


As portable 
computers 
evolve, 
users are 
witnessing 
the trends 
toward 
higher performance and 
longer battery life. Until 
now, battery life, alias 
power management, has 
been an art rather than a 
science. Even though the 
Advanced Power Man- 
agement specification 
(from Microsoft, Intel, 
and Phoenix) defines a 
standardized interface 
between compliant 
applications and the sys- 
tem BIOS, many vari- 
ables exist within each 
system’s BIOS. For that 
reason, no one until now 
has attempted to write a 
book on the science of 
power management. 
Now, James Bunnell 
has tackled the subject 
in his book, Power Man- 
agement That Works, 
which formalizes and 
makes practical power- 
management concepts. 
Between the book’s cov- 
ers, Bunnell explains 
how to determine when 
a system is idle, the most 


challenging aspect of the 
subject. Toward that end, 
he begins by breaking 
down the subsystems 
into simple and complex 
devices and discusses the 
mechanisms for moni- 
toring them. The book 
also covers the user inter- 
face, suspending the 
computer, hardware and 
software interactions, 
and current and future 
power-management 
models. Bunnell doesn’t 
believe in giving end 
users power-manage- 
ment options in their 
notebooks. (I agree: Fig- 
uring out how to use 
these options practically 
requires a three-day 
training course.) 

The book is easy to 
read and comprehend 
and provides an exten- 
sive—perhaps excessive— 
use of analogies. 
Whether you’re a system 
designer or just someone 
interested in the subject 
of PC power manage- 
ment, this book, at 
$24.95, provides a lot of 
value.—by Markus Levy 

Annabooks, San 
Diego, CA, (800) 462- 
1042. Circle No. 469 
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UK companies expand 


wafer-fab facilities 


GEC Plessey Semiconductors (GPS), the only UK- 
owned CMOS manufacturer, will invest $150 
million in its Roborough, UK, CMOS ASIC plant. 
The investment will enable the company to 
move from 6- to 8-in. wafers and to quadruple 
output by 1996. GPS will devote around 10% of 
the investment to advanced process develop- 
ment, including 0.25-\.m geometry. The new 
facility will incorporate a clean-room-within- 
clean-room environment that reduces time to 
market, enhances wafer protection, and 
improves yield. The investment announcement 
scotches rumors that GPS might be sold to 


Rockwell. 


In a second UK fab investment, NEC has 
selected Scotland in favor of California for an 
$800 million investment in a new facility. The 
plant will output 0.35-..m-process, 16- and 64- 
Mbit DRAMs and advanced ASICs at 20,000 8-in. 
wafers/month beginning in October 1996. The 
company chose to develop its NEC Semiconduc- 
tors (UK) Ltd base due to high European 
demand and because the plant is NEC’s most 
productive.—by Brian Kerridge 

GEC Plessey Semiconductors, Swindon, UK, 
(793) 518128. Circle No. 467 

NEC Semiconductors (UK) Ltd, London, UK, 
(71) 353 4383. Circle No. 468 


Regulator lowers maximum 
dropout to 35 mV 


According to Texas Instruments, low-dropout 
regulators (LDOs) have been a product waiting 
for a technology. The company now claims to 
have the technology, a linear BiCMOS process, 
and has introduced a family of LDOs, which, 
among other features, reduces dropout voltage 
by an order of magnitude compared with pre- 
vious LDOs. At load currents of 100 mA, the 
maximum dropout voltages range from 35 mV 
(for the 4.85 and 5V output devices) to 60 mV 
(for the 3.3V output device). In addition, the 
regulators feature a typical quiescent current 
of 285 A (for inputs around 5V) that’s inde- 
pendent of the load. Maximum sleep-state cur- 
rent is 1 yA. 

Most of the advantages of the TPS71xxQ fam- 
ily stem from using a PMOS device instead of 
the more traditional pnp pass transistor. Low 
dropout voltage results from the PMOS device’s 
behavior as a low-value resistor. Regulator qui- 
escent current is independent of the load 


because, unlike with pnp types whose base, 
(continued on pg 22) 


Single-Chip Sensor/Thermostat 


Simplifies Temperature Monitoring 
And Control. 


Pre-Calibrated nal resistors, with 

Accurate. the exact set 

Affordable. point values 
Introducing instantly calculat- 


the TMP01, an integrated single-chip 
temperature sensor and controller that 
provides significant advantages over 
electromechanical devices for general 
purpose temperature monitoring appli- 


cations. 


ed with accompanying design software. 
The sensor generates a voltage output pro- 
portional to temperature (VPTAT), with a 
sensitivity of SmV/K over the temperature 
range. 

Other TMP01 advantages include low 


The TMPO1 power, single supply operation; 20mA 
Sensible Temperature Designs Start Is excep- open collector outputs to drive relays or to 
With Analog Devices tionally provide TTL/CMOS logic; over one month 
A @ easy to of continuous operation from a 9V bat- 
i i use. Upper tery; factory calibration to reduce manu- 
Hi l Ht and lower facturing time and costs; and a variety of 
coo ec Pcibhal eb a a attordable piasae packaging options, start- 
rogrammable, Vout Temp Ioyt Temp Tout Temp ing at $1.95: 
Sse a Sens ‘Sensor “7 hysteresis For more information on TMP01, con- 
are set by tact your local Analog Devices sales office 


* USD 1,000s, recommended resale, FOB U.S.A. 


three exter- 


Analog Devices Europe: Austria (222) 88 55 04-0, Belgium (3) 2482619, Denmark (42) 8 84 58 00, France elie 46744500, pcan 089/57005-0, 030/391 90 35, 04181/80 51, 0221/68 60 06, 0711/88 11 33, 
Israel (9) 911 415, Italy (2) 665 00 120, (11) 24 87 789, (6) 86 200 306, Netherlands (1620) 815 00, Sweden (8) 282 740, Switzerland (1) 820 01 02, (21) 803 25 50, United Kingdom 0932 266000 
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output, and supply current are interdepen- 
dent, a PMOS element is a voltage-driven 
device. Thus, operating currents are low and 
stable over the full load range, and specifica- 
tions reflect actual loaded performance. Also 
unlike pnp-based LDOs, these regulators’ sup- 
ply current stays low even in dropout, whereas 
bipolar LDOs’ supply current can increase and 
potentially cause start-up failures. 

TI engineers concentrated not just on reduc- 
ing dropout voltage and quiescent current but 
also on competitive noise and regulation speci- 
fications. These regulators have a 1% initial 
output tolerance and a maximum 2% toler- 
ance over full line, load, and temperature 
ranges. Although you might not expect good 
noise performance from a low-power CMOS 
device, these regulators also compete with 
bipolar devices on this point. Typical output- 
noise spectral density at a 120-Hz frequency is 
4 wV/VHz for the 5V device. 

In addition to the 5V (TPS7150), 4.85V 
(TPS7148), and 3.3V (TPS7133) versions, the 
family includes a 1.2 to 9.75V (TPS7101) 
adjustable regulator. Designed for 5V cellular 
systems, the TPS7148’s 4.85V, +2% output 
allows it to operate to the limit of 5V systems 
specified to +5% tolerance, extending the oper- 
ating life of the battery pack. Other features of 
these LDOs include a low-output-voltage indi- 
cator, sleep-mode shutdown, and operation 
with one small, external 4.7-.F tantalum 
capacitor. Package options include DIP, SOIC, 
and TSSOP. Prices range from $1.45 to $1.65 
(1000).—by Anne Watson Swager 

Texas Instruments, Literature Response Cen- 
ter, Denver, CO, (800) 477-8924, ext 3477. 
Circle No. 470 
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The first products using Texas Instruments’ linear BiCMOS 
process, the TPS71xx family of low-dropout regulators fea- 
ture dropout voltages an order of magnitude lower than that 
of their purely bipolar counterparts. 
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Windows interprocess link 
runs 1000 times as fast as DDE 


A new interprocess link proves a bonanza for 
developers of real-time applications that run 
under Windows. LT-Speedway not only offers 
performance 1000 times as fast as Windows’ 
dynamic data-exchange (DDE) facility, but also 
lets you download the code free via the Inter- 
net. The code for the link is an Internet Anony- 
mous FTP (file-transfer protocol) archive, which 
means that it’s in the public domain. You need 
to “ftp” two files, LTSPEEDW.ZIP and LTP- 
SPEEDW.TAR.Z, from the /vendor/labtech direc- 
tory at the ftp.uu.net site. Or get the same files 
from the Labtech forum library on CompuServe 
(type GO LABTECH). 

To achieve its performance, LT-Speedway uses 
shared memory, thus avoiding Windows’ single- 


threaded message queue. On a 90-MHz Pen- 
tium-based PC, the link transfers messages 
every 38 sec. There is no limit to how much 
data a message can contain. The object-orient- 
ed software is not restricted to use with Win- 
dows applications; the link also runs under Har- 


ris Corp’s Unix. 


The software functions with object linking 
and embedding (OLE) V2.0 using OLE automa- 
tion features. For Windows developers who 
require in-depth support, Labtech offers a 
$1995 development kit that includes documen- 
tation, sample programs, and periodic code 
updates.—by Dan Strassberg 

Labtech, Wilmington, MA, (508) 657-5400. 
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Test conference stresses 
high-level DFT, BIST, IDDQ 


At this year’s Silver 
Anniversay Edition of the 
International Test Confer- 
ence, which took place in 
Washington, DC, from Oct 
2 through 5, several trends 
appeared: The first is the 
emergence of tools for 
introducing test-related 
constraints into designs at 
the behavioral-modeling 
stage. AMong companies 
offering such tools are Log- 
icVision and Mentor. If 
these tools succeed, they 
will significantly reduce 
development time by elim- 
inating much of the itera- 
tion IC design now 
requires. 


The second trend is the 
growing recognition of the 
importance of built-in self- 
test (BIST) on ICs and the 
refinement of tools for syn- 
thesizing BIST structures— 
not just for RAM but for 
random logic. Examples of 
such tools come from 
AT&T Design Automation 
and IBM/Altium. 

The third noteworthy 
trend is the increased level 
of discussion of IDDQ test- 
ing and the greatly 
increased number of com- 
mercial tools that support 


the technique. IDDQ 
detects faults in CMOS ICs 
(continued on pg 24) 


SONY. CONVERTING 
THE WORLD WITH 
THE BEST ENCODERS 


Nobody outperforms Sony in converting analogue RGB/composite video 
signals. Its wide range of Encoder and Decoders is packed with advanced features 
needed to improve performance in applications like: Multimedia PC tasks, Satellite 
Receivers, Liquid Crystal TVs and VCRs. 

Take the new CXA1645 Encoder. It has a built-in Bandpass Filter (BPF) for the 
chroma signal, and Delay Line for the luminance channel — cutting out the need for 
expensive, bulky external components! Whilst features which are common to the 
range — low power consumption, PAL/NTSC compatibility, and space saving surface 
mounts — maintain the Sony reputation for built-in quality. 

In fact, as a world leader in the design and manufacture of advanced 
semiconductors Sony offers much more than superior Encoders/Decoders. Its capacity 
for high volume production capacity allied to high level technical support is your 
guarantee of ultimate quality. 

For more information on the way Sony can convert you to its leading edge 
technology, please contact your local sales office. 


AND DECODERS. 


ENCODER/ DECODER IC 
Functions Features 
Input Output TV System Others 


| Built-in 
CXALGSSM/P RGB. bo 


Yecolor ite 75Q. drivers for: R.G.B. outputs and 
GIALZ2OMP Encoder jiference ge composite video outputs a 
Super impose function 
V7040 RGB. 75Q. drivers for: R.G.B. outputs and 
2 composite video outputs 


- 


Yecolor : 
98 diference pe adaoe 
Line alternate 
RGB. Burst flag 


outputs 


CXAI585Q. Decoder “MOSH 


CXAL950Q Yecolor 


RGB. Wideband chroma (2MHz) 
difference Sharpness filter 


Sony International Offices: 

United Kingdom: SSE, UK Sales. Tel: +44 932 816175. 

Germany, Switzerland & Austria: Sony Europa GmbH, CPCE. Tel:+49 89 82916 442. 
France & Spain: Sony France SA, Semiconductor Department. Tel: +33 1 40 87 33 86. 
Scandinavia, Italy & Other Areas: Tel: +44 256 478771 (Ext. 407). 

Alternatively, write to Claire Dilly at: 

Headquarters: Sony Semiconductor Europe, Priestley Road, Basingstoke, 
Hants RG24 9JP. Tel: +44 256 478771 (Ext. 431). Fax: +44 256 818194. 


SONY. 
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by monitoring the supply currents, I, and I... Many 
foundries have used IDDQ for years as an adjunct to more 
widely known methods, but now its power and short- 
comings are emerging. Among the companies showing 
IDDQ products were AT&T Design Automation, Cross- 
check, Cadence, Sunrise, Synopsys, and Teradyne. 
Another trend evident at ITC focused on board test— 
now a mature industry. Although the number of systems 
that board-tester vendors ship continues to rise, system 
prices are declining even faster, so board-tester revenues 
are declining. Over the years, the emphasis in board test 
has gone from functional to in-circuit test and then to a 
combination of in-circuit and functional test. As surface- 
mount has become dominant in pc-board-assembly tech- 
nology, the tester focus has shifted toward combining 
manufacturing-defects analysis (a simple form of in-cir- 


_Crosscheck T Z hnology 


“Hewlett-Packard Co, San . 
4844. 


Floppy-disk 


disk controller; two IDE interfaces 


cuit testing) and low-cost functional testing. Both 
Hewlett-Packard and Teradyne announced testers that 
add functional test to low-cost in-circuit test systems, and 
GenRad announced several low-cost application-specific 
functional test systems for boards and assemblies. 

An area related to board test is boundary scan. LSI Logic 
reported that approximately 60% of new ASICs contain 
structures that enable board testing in accordance with 
the IEEE-1149.1 boundary-scan standard. Companies 
introducing new boundary-scan test products at ITC 
included Corelis and its European partner, JTAG Tech- 
nologies, and Alpine Image Systems. These companies’ 
products are low-cost test systems and test-system com- 
ponents. At the IC level, both National Semiconductor 
and Texas Instruments announced parts. 

—by Dan Strassberg 


enhanced parallel port (EPP 1.7 and 


controller conforms 
to ISA Plug-and-Play 
standard 


Standard Microsystems’ FDC37C667 
parallel-port Super I/O floppy-disk 
controller is the first such device to 
comply with the ISA Plug-and-Play 
standard (Version 1.0a). It also oper- 
ates in systems running Microsoft 
Corp’s soon-to-be-released Windows 
95, known as “Chicago.” Internal 
configuration registers allow you to 
program each of eight logical 
devices in the Super I/O chip. The 
eight logical devices are a floppy- 
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supporting four drives, including a 
CD-ROM; a game port; a general- 
purpose address decoder; a multi- 
mode parallel port; and two 
NS16C550-compatible UARTs with 
16-byte FIFO buffers for serial com- 
munications. 

The multimode parallel port can 
operate in standard and enhanced 
high-speed modes and includes a 
ChiProtect feature that prevents 
damage to the chip during printer 
power-up. Operating in standard 
mode, the parallel port is compati- 
ble with ISA bus and PS/2 computer 
architectures. In high-speed mode, 
the port is compatible with the 


EPP 1.9) standards and the extend- 
ed-capabilities port (ECP) standard. 

The chip comes in a 160-pin QFP 
and is configurable for motherboard 
or expansion-card applications. In 
motherboard applications, Plug-and- 
Play software allows the system to 
allocate resources using BIOS 
instructions. The chip has 15 selec- 
table interrupt-request lines, three 
selectable 8-bit DMA channels, and 
three selectable 16-bit DMA chan- 
nels. 

An optional EEPROM interface 
allows nonvolatile storage of system 
configurations for use on reboot. In 

(continued on pg 26) 


POWER SHIFTER. 


H4CPlus” Series Gate Arrays let you select the voltage scheme 
that meets your power and performance goals . 


Thanks to continually shrinking gate 
length and other process improvements, 
today’s ASIC chips are able to run at 
lower voltages without giving up much 
performance—3V vs. 5V. However, the 
transition to complete 3V systems must 
wait until standards catch up and 
components are produced in 
economical volumes. So, it’s become a 
mixed-voltage world in which designers 
are incorporating into most new designs 
both 3V and 5V components. 


Single-chip solution to mixed- 
voltage challenges 

Motorola’s H4CPlus CMOS gate 
arrays are designed to interface between 
3.3V and 5V, minimize power 
dissipation, and support high frequency 
communications, while cutting system 
cost. Now designers can choose the 
voltage scheme that provides the per- 
formance required at the lowest power. 

H4CPlus allows optimization of either 
the array core or I/O power—or both. 
Core may be 3.3V or 5V, I/O buffers 
3.3V only, 5V only, or mixed. 


H4CPlus Features 

¢ 0.65 micron effective gate length. 

e Triple layer metal. 

¢ 21K to 296K available gates. 

e Ball-Grid Array and QFP packaging. 

¢ Chip-to-chip interface speeds 
exceeding 200MHz. 


Want to shift to an easier life in the 
mixed-voltage world? Send the coupon 
below, or write Motorola Ltd., European 


e Power savings up to 60% by running 
core and most of I/O at 3.3V, while 
retaining performance nearly equal to 


5V designs. Literature Centre, 88 Tanners Drive 
Blakelands, Milton Keynes MK14-5BP, 
United Kingdom. Ask for data sheet 
cower vem HACP/D. 
ower A 1 5-V System 
Choices 2H 5 a ne 
. W Package 3.3-V System 
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volta ge e¢ 5-V System 
supplies toy Pariaga 33-1 System 
reduce package 
cost. . 
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Motorola Ltd., European Literature Centre, 88 Tanners Drive, Blakelands, 
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adapter-card applications, an EEPROM stores the Plug- 
and-Play serial identifier, resource data, and a propri- 
etary boot-configuration word. 

The 0.8-1~m CMOS chip uses the company’s SuperCell 
technology and incorporates an advanced digital data 
separator and CMOS 765B floppy-disk-controller core. 
The core supports data rates as fast as 1 Mbps for verti- 
cally recording floppy-disk and high-speed tape drives. 


The chip sells for $10 (1000), and production orders 
ship 12 weeks ARO.—by John Gallant 
Standard Microsystems Corp, Hauppauge, NY, 


(516) 435-6000. 
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Survival in the EE shark tank 


John A Hoschette’s 200-pg 
Career Advancement and Sur- 
vival for Engineers proffers a 
variety of career-networking 
strategies and creative 
routes for improving your 
marketability as an EE. 
Hoschette suggests 
proactive techniques for 
surviving corporate 
takeovers and downsizing, 
establishing and develop- 
ing relationships with men- 
tors, and exploiting the 
benefits of your company’s 
continuing-education sys- 
tem. Hoschette, an electro- 
optics expert with 18 years 
of field-test, design-and- 
development, and manage- 
ment experience, derives 
much of the material in 
this book from a career- 
development course he cre- 


ated with Honeywell in 
Minneapolis. 

The text outlines 14 areas 
of career education and 
planning. “Are you in con- 
trol of your career?” “Deter- 
mining the formal and 
informal criteria by which 
you are judged,” “What are 
the leading reasons engi- 
neers fail?” and “Getting on 
the fast track for advance- 
ment” are a sampling of 
chapter headings. 

Hoschette’s Career Ad- 
vancement and Survival for 
Engineers costs $39.95 
(hardcover) and $15.95 
(paperback). 

—by Jim Leonard 
John Wiley & Sons Inc, 
New York, NY, (800) 225- 
5945; (212) 850-6418. 
Circle No. 492 


EDA expert wanted 


If you're an electronics engineer who knows electron- 
ic-design-automation (EDA) tools, EDN would like to 
know you. We’re looking for a technical editor with 
the background and experience to interpret technical 
trends in EDA for our 160,000 readers. As an editor, 
you'll research, write, and edit articles; attend trade 
shows; and meet with industry leaders. We need 
someone who likes people, communicates well, and 
can balance several projects with fixed deadlines. 
Writing experience is desirable, but not essential. You 
can be based in Silicon Valley, the Pacific Northwest, 
or the Boston area. Our salaries are competitive with 
engineering positions. To discuss possibilities, call 
Gary Legg, Executive Editor, at (617) 558-4404 or send 
or fax your resume, salary requirements, and writing 
samples (if any) to Barbara Welensky, Human 
Resources Department, Cahners Publishing Co, 275 
Washington St, Newton, MA 02158; fax (617) 558- 
4277. (An Equal Opportunity Employer, M/F/D/V). 


Design kit speeds 
PCi-based ASIC designs 


An electronic-design-automation tool kit for Synopsys’ 
DesignWare product line makes it easier for designers 
to add a Peripheral Component Interconnect (PCI) 
interface to an ASIC. The kit includes a set of cus- 
tomizable high-level macros, a bus model for simula- 
tion, and a test suite to verify a design’s compliance 
with the specification. The technology-independent 
macros include an interface, master and slave state 
machines, slave address recognizers and mappers, and 
master and slave data paths. The macros are fully 
synthesizable and allow you to use only those blocks 
you need for your implementation. A one-year license 
costs $40,000. The macro set, bus model, and test 
suite individually cost $30,000, $23,000, and $23,000, 
respectively.—by Richard A Quinnell 

Synopsys Inc, Mountain View, CA, (415) 637-8212. 
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DC/DC converter meets Type | PCMCIA minimum thickness 


In a 20-pin, 1.1-mm-thick TSSOP package, Lin- 
ear Technology’s LT1106 meets the maximum 
3.3-mm thickness requirements for PCMCIA 
Type I flash-memory cards. With its 500-kHz 


switching frequency, the IC also allows the use 
of equally thin 10-..H inductors and thin, low- 
value output capacitors. The flash-memory 
power-supply IC senses the available inputs 
from a PCMCIA connector and, if no 12V sup- 
ply is available, generates 12V from either a 3.3 
or 5V V,,. supply. To power S5V flash memories, 
the IC can also generate a 5V V,,, output from 
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V.-- Thus, you can use the device to supply a 5 
and 12V flash memories, guaranteeing a pro- 
gramming voltage even only a 3.3V supply is 
available at the PCMCIA connector. Other fea- 
tures include V,,, input-voltage-detection com- 
parators, p-channel MOSFET control for V,,-to- 
flash output switching, and shutdown to 9 A. 
The LT1106 ($5.63) is available on tape-and-reel 
(2500-piece minimum order). 
—by Anne Watson Swager 

Linear Technology Corp, Milpitas, CA, (408) 

432-1900. Circle No. 494 


.s THAT PLUGS RIGHT IN. 


Now, from the innovator in Vertical, horizontal and surface mount versions 
integrated switching regulators, are available. 
comes a new series of high-perfor- The PT63/65 family features operating 
mance 5V to 3.3V, 3A and 8A single frequencies of 550KHz or more, 85% efficiency, 
in-line products. The new Power over-temperature and short circuit protection. 
Trends PT63/65 series lets you The PT63/65 family supports outputs of 2.1, 
easily solve the problem of integrat- 1.8, 1.5 and 1.2 volts. 
ing 3.3V logic into existing 5V systems, without If you’re ready for a space-saving on- 
redesigning your power supply. board power converter that you can plug 
And, the PT63/65 family conserves board right in, call Power Trends for a sample today! 


space with a profile as low as .36”x 2.00”x .60”(H). 1-800-531-5782. 


POWER TRENDS‘ 


1101 North Raddant Road, Batavia, IL 60510 (708) 406-0900 « Fax (708) 406-0901 
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*1 16M DRAM 
PROVIDER: SAMSUNG 


HEAD OFFICE: Am Unisyspark | 65843 Sulzbach Tel: 0049-6196-58206 Fax: 0049-6196-750345 
MUENCHEN OFFICE: Carl-Zeiss Ring 9 D-85737 Ismaning bei. Muenchen Tel: 0049-89-964838 Fax: 0049-89-964873 


Certified ISO 9001 cay m SEMICONDUCTOR BUSINESS 
we 
COTRCINON 
ES 


What can you expect from Samsung, 
fe the company recognised around the globe 
= ~——for the technology that lead to the world's first 
“dedicated 8-inch, 16M wafer production line? 
Only the best... 

Samsung stands ready to quickly respond to any customer needs with 
the finest quality products and services. These include 
a 16M DRAM, lead-on chip in a 300mil package — 
fully compatible with 4M DRAM 
package sizes — that is an exceptional choice 
for notebook PCs, high-end workstations, 
and everything in between. 
Samsung's 16M DRAMs have been optimally designed in x1/x4 
and x8/x16/x18 chip sets with fast access times 
of 50/60/70ns. A new extended data 
output(EDO) mode enhances access time 
over chips that use conventional fast page 
modes, with extreme energy efficiency 


drawing not 5volts, but a mere 3.3volts of power. 
State-of-the-art DRAM technology from the leader, Samsung. 


eres Sea BE 
Fast Page KM41C(V) 16000A /AL/ASL/ ALL 


Fast Page KM44C(V) 4000A/AL/ASL/ALL | 4096Cycle/64ms 
KM44C(V) 4100A/AL/ASL/ALL 1e/32ms 
KM44C(V)4002A/AL/ASL/ALL le/64ms 
KM44C(V)4102A/AL/ASL/ALL le/32ms 


Quad-CAS KM44C(V) 4003A/AL/ASL/ALL \e/64ms 
KM44C(V)4103A/AL/ASL/ALL le/32ms 


EDO (Hyper Page) | KM44C(V)4004A/AL/ASL/ALL le/64ms 
KM44C(V)4104A/AL/ASL/ALL le/32ms 

Fast Page KM48C(V) 200A/AL/ASL/ALL le/64ms 

KM48C(V) 2100A/AL/ASL/ALL le/32ms 

1MX16 Fast Page KM416C(V)1000/L/LL le/64ms 
KM416C(V) 1200/L/LL 1024Cycle/16ms 


CERERE 


1MX 4 Fast Page KM44C(V)1000C/CL/CSL/ CLL 1024Cycle/16ms 
Static Column KM44C(V)1000C/CL/CSL/CLL | 1024Cycle/16ms 
Quad-CAS KM44C(V)1003C/CL/CSL/CLL | 1024Cycle/16ms 
EDO(Hyper Page) | KM44C(V)1004C/CL/CSL/CLL 


1024Cycle/16ms 


4MX 1 Fast Page KM41C(V)4000C/CL/CSL/CLL 1024Cycle/16ms 
Static Column KM41C(V)4000C/CL/CSL/CLL | 1024Cycle/16ms 
EDO (Hyper Page) | KM41C(V)4004C/CL/CSL/CLL | 1024Cycle/16ms 

¢ ‘V’ in Part No. means 3.3V part 
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FOR LIFE 


ELECTRONICS 


©1994 Mitsubishi Electronics America Inc., Electronic Device Group, Sunnyvale, California 
The Electronic Device Group of Mitsubishi Electronics America, Inc. is a wholly owned subsidiary of Mitsubishi Electric Corporation. 
All trademarks or registered trademarks are the property of their respective holders. Products subject to availability. 


ELECTRONIC DEVICE GROUP 


consumption and increase performance. 


ncrease Performance. 


Low voltage operation and energy savings are the two most critical factors driving next-generation portable and “green” electronic 
product designs. That's where Mitsubishi's extensive line of low-voltage ICs and high-efficiency RF devices can help you reduce power 


Mitsubishi 3V ICs can help reduce system power by as much as 50%, significantly extending the battery life of portables. Plus, 


low-power ICs enable increased system performance while still drawing less power than at 5V. Mitsubishi’s extended temperature range 


GaAs MMIGs offer 60% 


PRODUCT DENSITY Vee lec (Typ-) gy (Typ.) FEATURES/BENEFITS 
Synch. Cache DRAMs _|_16M, 4M (x4, x16 170mA LVITL Compatible; Burst & Power Down Modes; Ext. Ref efficiency helping cut power 
Synchronous DRAMs 16M (x4, x8 180mA Burst & Power Down Modes . ; 

EDO DRAMs 16M, 4M Hyper-page Mode; Ext. Ref.; Low SER requirements and increase 
|DRAMS ss«SAGMV/4M 75mA/60mA | 500yA/120uA | Reduced Switching Noise; Low SER; Self Refresh durability in wirel 
Flash ICs 1M (x8) 9.0V(Vpp=12.0V) Bulk Array; Power Up/Down Data Protection; Ind. Temp.; Volume Capacity : UPaDuity In WIreress 
Flash ICs 1M (x16) 5.0V (Vpp=12.0V) Wordwide Architecture; Socket Compatible with x16 EPROMs/OTP ROMs portable products. 
Flash ICs 4M (x8, x16)* 5.0V (Vpp=12.0V) 32 Blocks (16KB/8K word): Optimized for Data Storage; Auto Program/Erase | « ” 
— For “green” PCs, 
Flash ICs 16M (x8) 3.3V (Von=12.0V) Easy Upgrade from Ind. Std. 8Mb Flash Designs; : 
; =12. OHA . : . : 

pp Auto Program/Erase; Deep Power Down Mode; 32 Blocks (64KB ea. monitors and printers 
IC Cards 3.3/5.0V 110mA 150uA Ext. Configurable; 1.4uA Data Ret.; Type | PCMCIA/3.3mm - , 
/0 Cards (10 Base 250mA /— _| LAN; Ext. Configurable; Type |! PCMCIA/5.0m | Mitsubishi 3V ICs help 
V/0 Cards (24/96 150mA /— _| Fax/Modem; Ext. Configurable; Type !I PCMCIA/ 5.0mm 
Low Power Slow SRAMs Low Standby Current; Ext. Temp.; TFT Cell : designers meet the U.S. 
Low Power Slow SRAMs BmA15mA | .O5yA/ipA | Low Standby Current; Ext. Temp.; TFT Cell : ; ; 
Fast SRAMs 3.3V 100mA 100A High Performance; Low Power, Ext. Temp. _ Environmental Protection 
Fast SRAMs 1M (x1, x4)* | 3.38V.—— | 100mA ~~] 100uA~———| High Performance; Low Power; Ext. Temp. : 
Fast RAMs | IM (xé) Sd} C8 BV 100A 100HA__| High Performance; Low Power, Ext. Temp. _ J Agency's (EPA) Energy 

we cseasrsia Star” Program requirements 

PRODUCT Vee Be FEATURES/BENEFITS 
Baseband ICs 3.3V On-board Scrambler, Compander, Modem _ to reduce standby system energy consump- 
Battery Recharger ICs 3.0/5.0V 18mA/15mA (typ.) | On-chip D/A Converter; Maximizes Battery Life i < 
D/A Converters 3.0V 8-bit; 12- and 36-channels lion tos 30W, CONSErVE Chersy, extend 

x For Backlight Control; Output Short Protection; j j j 

DC-DC Converter 1.3mA (typ) hips oar | equipment life and reduce environmental 
LCD Controller Driver 1 5.0V. [|  - | Low Power, Dot Matrix LCD Control : pollution. 
Dual PLLs 410MHz; Various Power Save Modes _ ; : 

2.5V Reduces MCU Power Diss; Low Power 2-output; Memory Backup Avail. | In addition to creating enabling 
GaAs MMICs ‘6 ” 
0.8,1m Gate Arrays/ECAs components for portable and “green” end- 
8-Bit LCD MCUs , . ee 
8-Bit Keyboard MCU Keyboard Controller, Host Interface pr oduct designs, Mitsubishi TM 
8-Bit MCUs wi : ae 
ordre 1.6mA (typ.) 3.0V up to 20MHz clock; User-defined Functions Electric Corporation IS 


8-Bit 


Up to 32KB ROM 


—_— 
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*Fully Characterized for 3.0V 


30% in 1995, cutting energy consumed in semiconductor production processes by 25% by 
conducting R&D in recyclable packaging, as well as in solar power energy sources. 


Battery _3.3V CDRAMs, DRAMs & 


~— Highest memory ad er 
8-bit MCUs with on-board density SRAMs ——Byte MMICs up to Recharger ICs SDRAMs with enhanced 
dot matrix LCD controller with the lowest = 1M, 4M & 16M Flash 60% efficiency maximize power management for 
standby current Memories battery life “green” projects 


the company has eliminated CFCs, including 1,1,1-trichloroethane solvent and carbon tetrachloride, in manufacturing 
processes at all its semiconductor production facilities. The company is committed to reducing industrial wastes by 


For more information on Mitsubishi components for portable and “green” designs, or for details on 


committed to “sustainable 
development.” To this end, 


Mitsubishi Electric's 
se of Commitment to 
eveloping Solutions for 
Semiconductor Environmental Issues. 


the year 2000, and is 


0.8m CMOS gate arrays and embedded 


PCMCIA/JEDEC standard 
cell arrays, up to 400,000 gates 


and custom IC cards 


Everyone wants their sur- 
face mount capacitor supplier 
to have ISO SOOO certification. 
That's why we've certified all of 
our manufacturing facilities. 
Not just one or two. 

And nobody gives you a 
wider or more reliable choice of 
surface mount aluminum elec- 
trolytic and tantalum chip 
capacitors than Nichicon. 

Fifteen series, designed to 
7 help you cut costs and speed 
assembly time. Each designed 
to help you match the operat- 
ing performance and delivery 
dates you want to your product 


and facility needs. 


Talk to your Nichicon representative or dis- 


tributor the next time you need surface mount 
capacitors. Or, call us at 708/843-7500, 
fax: 708/843-2798. 
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Reader notes 
correct source 


While reading “Canny choices con- 
dense CPLD and FPGA design cycles” 
by Sung C Hu (EDN, August 4, 1994, pg 
91), [found a mistake in the attribution 
of the quote “There are three kinds of 
lies: lies, damned lies, and statistics.” Its 
origin actually lies with British Prime 
Minister Benjamin Disraeli, not Mark 
Twain. 

Tom Nath, Senior Engineer 

Thomson Consumer Electronics 
Indianapolis, IN 


Be wary of 
VHDL bandwagon 


Although I enjoyed reading “VHDL 
emerges as a commercial design tool” 
by Karen Bartleson (EDN, August 18, 
1994, pg 84) and share her enthusiasm 
for hardware-description languages, I 
strongly advise design and CAD engi- 
neers to consider Verilog HDL before 
blindly rushing to adopt VHDL. Ver- 
ilog’s syntactical kinship to C permits 
designers to learn it quickly and to 
write terse, readable, accurate code effi- 
ciently and cost-effectively. The Verilog 
equivalent of Bartleson’s 16-bit VHDL 
counter model would be half as long 
and far more reader-friendly. 

Before investing money and time to 
learn VHDL, the C-literate design engi- 
neer should try a free taste of Verilog by 
downloading the student version of the 
VeriWell/386 simulator from Well- 
spring Solutions (Sutton, MA). 

John A Eldon 

Principal Systems Engineer 
Raytheon Semiconductor 
San Diego, CA 


Defense conversion 
troubling 
in real-world economy 


I’m delighted to see EDN tackling the 
issue of defense conversion (Project 
Plowshare: Putting military technology 
to other uses, EDN, August 18, 1994). 
And it’s high time—after five plus years 
of layoffs. I think, however, you miss an 
opportunity to address the concerns of 
your readers who have spent their 
entire careers in defense contracting. 
I’d like to know how many of the EEs 


who worked on NAVSTAR, for example, 
are now employed at GPS-based com- 
panies. And it might be useful to look 
at commercial companies’ abiding prej- 
udice against job applicants with expe- 
rience on DoD projects. Even in indus- 
tries such as medical electronics, where 
ruggedizing and high reliability are 
important, most managers see no 
crossover of skills. 

Retraining efforts thus far (like the 
attempt to turn a handful of Southern 
California EEs into environmental 
engineers) have been feeble at best. 
This issue needs to be addressed before 
the industry loses more mature engi- 
neering talent. 

Kate Colborn, Editor 
Diversity/Careers in Engineering 
Center Harbor, NH 


Add another vendor 


The following supplier of design-for- 
test tools was omitted from the list of 
vendors on pg 28 in “ASIC Test: It’s a 
new ball game” (EDN, September 29, 
1994): 

LogicVision 

San Jose, CA 

(408) 453-0146 
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Subtleties and 
suggestions 
for power distribution 


I recently read “Distributed power takes 
center stage” (EDN Asia, August 1994); 
it is a good article that covers a lot of 
technical issues on distributed power. 


(Ed_ note: This article appeared in EDN 
Asia and EDN concurrently; see “Dis- 
tributed power: Where the power meets 
the load,” April 28, 1994, pg 54.) 


However, I have found that the sec- 
tion “Constant vs variable frequency,” 
which compares the relative merits of 
quasiresonant- and PWM-conversion 
techniques, has several points that were 
unfavorable toward PWM techniques: 
1. “According to Vicor, the efficiency of 
PWM converters is usually lower than 
that of similar-capacity resonant con- 
verters.” 

Efficiency of a power converter is a 
complicated performance indicator 
that depends on many circuit and oper- 
ation parameters. To simplify the dis- 
cussion, a PWM converter has lower 


LCD Proto Kit 


Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 


240 x 64 Seek <<a 4 Kit provides 
pixel . ee serial inter- 
Supertwis face to IBM 
LCD PC for quick 
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Interface to 
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light. ¢96Ng8 Sei of Instrument- 
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windows support 
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graphics are main- 
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RJ 11 . oh Complete User 
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CTS, and 5 Pin Alternate 
GND, plus Power Power 
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Wirewrap 
area for 


Add your own 8051 
CPU for stand 
alone operation. 


Kit also includes: 


Power supply provides + 5v and Gnd for 
board, -12v for LCD, 


and + 12v spare. Sample routines in 


8051 Assembler 
and QuickBasic. 


LCD Paint™ for 
creating your own 
graphics 

images. 


4-wire } 
RJ11 style % 
cable with 
DB25F 
connector 

for your IBM PC. 


$495-Kit * 
Popular LCD Starter 
($595 pre-assembled & tested) 


*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


‘s") Box 3000 @ San Gregorio CA 94074 


Demo routines 
preprogrammed 
into 8751 for 
immediate 
gratification. 


Tel: 415-726-3000 @ Fax: 415-726-3003 
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conduction losses but higher switching 
losses than a quasiresonant converter 
(QRC) at the same switching frequency. 
Since switching losses are proportional 
to switching frequency, the power loss- 
es in a PWM converter exceed QRC 
above a certain switching frequency 
(approximately 500 kHz in practice). 
On the other hand, the high conduc- 
tion losses in QRCs make them less effi- 
cient than their PWM counterparts at 
lower switching frequencies. Thus, 
obtain the best efficiency by using a 
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“low” switching frequency for a PWM 
converter and a “high” switching fre- 
quency for a QRC. The important job 
for the power-supply design engineer is 
to optimize a design at the chosen 
switching frequency. When the switch- 
ing frequency is optimized, the PWM 
converter and QRC have similar effi- 
ciencies, which can be observed from 
the efficiency figure in the converter’s 
data sheet. Therefore, the statement 
should read: “The efficiency of PWM 
and quasiresonant converters is similar 


books that work the way you work 


Analog Circuit Design: 
Art, Science, Personalities 
Jim Williams, Linear Technology Corp., Editor 
"If you do any analog circuit design, buy this book!...The well- 


indexed volume ... 


provides a picture of analog design, in all its 


diversity, as a way of thinking and a way of approaching problems." 
Dan Strassberg, EDN 
199] 352pp. clth 07506 91662 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 


Troubleshooting Analog Circuits 


Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 


box, system, or IC level." 


Electronic Design 


1991 208pp. cloth 0 7506 91840 $32.95 (£19.95) 


Loaded with practical information 


Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
This is a comprehensive reference on proper selection, specification 
and application guidelines from one of the world's largest sealed-cell 


manufacturers. 


May 1992 432pp. cloth 0 7506 9227 8 $49.95 (£38.50) 


The EDN Series for Design Engineers 


In the U.S. 
for more information 
or to place an order call 
1-800-366-2665 
M-F 8:30-4:30 E.T. 
Fax 617-279-4851 
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BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 


In Europe, order from: 
Reed Book Services Ltd. 
Special Sales Department 
P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 
Please quote "Cahners 13.89" 
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if their designs are optimized.” 

2. “Vicor also notes that a PWM con- 
verter’s efficiency drops rapidly with 
load.” 

Since the power dissipation in the 
power MOSFETs and rectifiers (and 
even the wires) of a power converter 
increase with increased current passing 
through, the power converter’s power 
losses inevitably increase with 
increased output current—regardless of 
whether or not the converter is using 
PWM or QRC techniques. Again, such 
characteristics can be observed from 
the inverted-V shape of the efficiency- 
load curve of most power converters. 
Thus, the statement should read: “Most 
converters’ efficiency drops with 
increased load.” 

3. “PWM converters’.. 
increases with load.” 

A flyback-type converter has output- 
ripple increase with load current, no 
matter if it is PWM flyback or quasires- 
onant flyback. On the other hand, out- 
put ripple of forward or bridge-type 
converters is constant, independent of 
load current, no matter if it is a PWM 
forward/bridge or quasiresonant for- 
ward/bridge. Therefore, the statement 
should read: “Whether output ripple of 
power converters increases with load 
depends on converter topology rather 
than conversion technique.” 

PWM.- and quasiresonant-conver- 
sion technologies have been around for 
20 and 10 years, respectively. Neither 
technology outperforms the other in all 
aspects, which is why both technolo- 
gies are still used in [designing] prod- 
ucts. For the power-supply user (rather 
than designer), the best proof for the 
above claims is the converter’s data- 
sheet specifications—or a simple mea- 
surement. 

Kwok-wai Ma, Application Manager 
Ericsson Components AB East Asia 
Hong Kong, China 


.output ripple 


Sound off 


Send your letters to Signals: and , 
Noise Editor, EDN, 275 Washing- 
ton St, Newton, MA 02158. Or fax 


us at (617) 558-4470. EDN reserves 
the right to edit letters for — | 
and length.  . 


Finally, a single-chip motor driver that gives you 
the leverage to outperform the competition. 


Finally, a cost-effective, versatile 
way to drive fractional-horsepower 
motors from a single chip. It’s the 
new generation of Power+ Arrays™ 
devices from Texas Instruments. 


Reduce your board space. TI’s 
Power+ Arrays are monolithic 
devices that integrate three, four or 
six power DMOS transistors into one 
surface-mount package. Meaning you 
don’t need to worry about a multitude 
of discrete packages using up precious 
board space. 


Lower your system cost. TI’s 
Power+ Arrays devices are cost- 
effective alternatives to discrete 
power transistors and hybrids. In 
addition, a single-chip motor driver 
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means fewer devices to insert, solder 
or test. 


PRISM: The power behind 
Power+ Arrays. Tl’s PRISM process, 
which is optimised for low on-state 
resistance, has made it possible to 
integrate up to six power DMOS 
transistors on a single chip and 
minimise total power dissipation, 
achieving higher performance than 
possible in a less efficient process. 
Only TI has this PRISM process, 
and, as a result, only TI offers 
single-chip DMOS motor drivers like 
Power+ Arrays. 


There’s more to Power+ Arrays. 
For more information, simply circle the 
reader response number below. 
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GREAT IDEAS BLOOM WITH CEIBO’S 
DEVELOPMENT TOOLS 


New Products for 8051, 80186 and XA ji\Cs 


Ceibo continues to expand the line of In-Circuit 
Emulators, Programmers and Development 
Boards to suit your performance and budget 
requirements. 


New boards and emulators are available for the 
8051 microcontrollers with low-voltage and 40 
MHz emulation capabilities. The new software 
of our Source-Level Debugger for Windows and 
DOS makes your work a lot easier. 


The 8086 and 80186 derivatives are completely 
supported by in-circuit emulators controlled by 
Paradigm’s Debug. The systems use the same 
microprocessors that plug into the application 
and run at their maximum frequency. 
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While planning a new design with Philips XA 
microcontrollers, you will find that Ceibo is the 
ideal one-stop shop for software, emulators, 
programmers and development boards. 


Call us toll free at: 1-800-833 4084 


Product and company names are trademarks or trade names of their respective organizations. 


 Ceibo DS-186 In-Circult Emulator 


Wika , DS-186 real-time 

emulator supports microprocessors 

of the 80C 186 family. The emulated devices 

are 80C186/8/XL/EA/EB/EC, V40/50, 8086/8 and more. 

The selection of a different microprocessor is made by replacing the 


Dorr* in the adapter or changing the adapter. The system features Full Speed 
Emulation up to 30MHz, 1 Mbytes of Zero Wait-State Mapped Memory, 8K Frames 
Dynamic Trace Buffer, 1M Hardware Breakpoints and 115KBaud RS-232C 
Communication Link. Breakpoints are qualified by instruction fetch, instruction 
execution, data contents, read/write from/to memory and I/O. The Trace display shows 
source, assembler and bus cycles. The system runs at the frequency of the crystal on 
the adapter or from the clock source supplied by the user hardware. The software 
supplied as standard is Paradigm Debug and Locate. 
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Finally, a power supply 
that’s easy on your budget. 


And your circuits. 


as aes 


Low noise, like that in the 20V output After a load change (50% to 100%, for Tight 0.01 % regulation means stable 
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above, means this supply won't be a example), fast transient response guar- output when the load or line varies. 

source of unexpected errors. antees a quick return to the set voltage. 
This supply makes it easy attention to quality makes you'll find one that fits your 
to stay within budget, with- __ it easy to offer a three-year specific application. 
out making compromises. warranty, too. 
Want to avoid compromises? Separate meters display voltage Get clean, reliable power on your 
Get the HP E3630A, and enjoy and current, so you can monitor bench. Call your local HP sales 
low noise, tight regulation, each output at a glance and office or one of the numbers listed 


and quick transient response — focus on laa circuits and test below for more information. 
performance found in no other procedures instead of playing 


low-cost supply. And with over- with your power supply. Call HP tod di 
voltage, overcurrent and short- With this family, it’s easy to i ee a0 ee Dune 


circuit protection, you won't find a perfect match. OHEOF eae HO-COMIDECMUnES 
worry about circuit damage. Powe SED pEES On yer Renan 
. | The HP E8630A is part of Your circuits will thank you, 
This supply combines our year's the HP E3600-series, all of and so will your budget. 
of experience in high-perform- which offer excellent price 
ance power supply design with value without cutting corners. 
the latest techniques in effi- A variety of output ranges . 
cient manufacturing. Close and capabilities means There IS da better Way. 
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When Congress 
enacts environ- 
mental laws, it 
should empower 
rule-making 
bodies to create 
Standards based 
on input from 
industry experts. 


Jesse H Neal 
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It’s the results, stupid! 


Environmental regulations often place 
roadblocks in the way of new technologies 
that can significantly improve the environ- 
ment. The main reason is lawmakers’ and 
regulators’ insistence on drafting regula- 
tions that require (or pro-hibit) the use of 
particular technologies. The situation with 
Rayovac’s reusable alkaline cells (see pg 62) 
is a case in point. Several types of recharge- 
able batteries should be recycled because 
they contain materials such as lead and 
cadmium that must not be allowed to leach 
into the aquifers that supply 
drinking water. So several 
states set up rules that 
required recycling of 
rechargeable batteries. 

Then along came Rayovac. 
After years of trying, it had 
developed a rechargeable alka- 
line battery. Lo and behold, 
Rayovac’s reusable battery was 
free of the materials that pol- 
lute water supplies. Could 
Rayovac start selling its new 
batteries? Not without some 
hassles. You see, the regula- 
tions decreed that because the 
batteries were rechargeable, 
they had to be recycled. But recycling 
would have been uneconomical—as well as 
unnecessary. Carried to their logical con- 
clusion, the regulations could have pre- 
vented the sale of batteries that are safer for 
the environment than other types, both 
rechargeable and nonrechargeable. 

Situations like this occur time and again 
in environmental law. Another example is 
the mandate in California and elsewhere 
that a percentage of vehicles produce zero 
emissions. Faced with this requirement and 
a short time frame for implementing it, the 
transportation industry seized on all-elec- 
tric vehicles as the answer. Electrical, elec- 
tronic, and battery technology almost cer- 
tainly will play increasingly important 
roles in automobiles, but many of us have 
doubts about purely electric vehicles. 

If you recall how electric power is gener- 
ated and stored, you realize that, except 
maybe when the power source is hydroelec- 
tric, “nonpolluting electric vehicle” is an 
oxymoron. (Even hydroelectric power is 
not sacrosanct; environmentalists are likely 
to torpedo a major hydroelectric project in 


Quebec, partly because it would destroy 
forests. Instead of mandating “zero-emis- 
sion vehicles” by a certain date, why not 
set realistic goals for the pollutants cars 
generate? And include the pollution from 
generating propulsion energy outside of 
the vehicles. 

Regulators seem unable to focus on the 
results they are trying to achieve. Few 
design engineers would tolerate a market- 
ing manager’s telling them which ICs to 
use in a new design. Selecting ICs is the 
designer’s job. Similarly, the design com- 
munity should draw the line when regula- 
tors try to dictate what technologies to use. 

Things can also go sadly awry when law- 
makers set performance goals. The automo- 
tive corporate-average fuel-economy 
(CAFE) standard is a case in point. CAFE 
doesn’t specify technology; it specifies per- 
formance—how many miles per gallon a 
car manufacturer’s fleet must deliver. CAFE 
has worked well. By encouraging rather 
than requiring the development of fuel . 
injection and pP-based electronic ignitions, 
it has dramatically improved fleet mileage. 
But CAFE has been problematic of late 
because Congress—perhaps in the mistak- 
en belief that it can repeal the laws of 
physics—has started tampering with the 
requirements. Proposed standards would 
force many Americans into driving tiny 
cars that, without big breakthroughs in 
safety technology, would become death- 
traps. 

Maybe when Congress enacts environ- 
mental laws, it should merely empower 
rule-making bodies to create standards 
based on input from industry experts. The 
experts won’t always agree, but it’s hard to 
imagine them doing worse than Congress. 
The laws and the rules that flow from them 
should not prescribe (or proscribe) techni- 
cal approaches. Rather, laws should articu- 
late performance goals—not requirements. 
This approach would free the engineering 
community to create designs that meet 
truly significant objectives. Monitoring 
conformance to results-oriented regulations 
could take more work than monitoring 
conformance to mandates that require the 
use—or avoidance—of particular technolo- 
gies. But focusing on results would be far 
more effective because it would not tie 
designers’ hands or stifle creativity. 


DAN STRASSBERG, SENIOR TECHNICAL EDITOR 


Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System at (617) 558-4241, 
300/1200/2400 8,N,1. From the Main System Menu, enter ss/soapbox and select W to write us a letter. 
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Why Is The Industry Rallyin 


The people have spoken. AMD*has heard committed to supplying compatible Flash 
your demands for Flash technology that devices. And AMD is committed to volume, 
reduces system costs through single power now and in the future, with the world’s largest, 
Supply operation. And AMD has deliv- | 0.5 micron Flash manufacturing facility, 
ered — with the Am29Fxxx family of ab, Which means more sources, and more 
5.0 Volt-only Flash devices. > 4 Flash memories for you. 

The response was overwhelming. "* | Why has AMD Flash garnered such 


The industry is lining up behind the a strong support? Because the Am29Fxxx 


Am29Fxxx Flash standard. Fujitsu, The AmooFax Hs family ranges in family offers what engineers need. 
ensl om Ils and inciudes 
Motorola, and SGS-Thomson are 8/6 user-configurable desin.  INClUding Our patented Negative Gate 


One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1994 Advanced Micro Devices, Inc. AMD and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. All other brand or product names are property of their respective holders. 
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Erase technology for cost effective 5.0 Volt-only below, for our brochures and a complete FI lash 
operation. Embedded algorithms for easy Data Book. And see for yourself why so many 

design implementation. Sector erase for flexi- have raised their standards to 
ble upgrades. JEDEC standard compliance. those of the AMD Flash family. _ 3 
Even 100,000 read/write cycles — the highest RB / viterature 


' Ask for 


reliability available. Guaranteed. Pack 18X. 


Word has definitely hit the streets about 
AMD Flash. So pick up the phone and get ; 


the whole story on the AMD Flash family. ° e 
Contact your local AMD sales office, listed Advanced Micro Devices 


For more information on the 29Fxxx Flash family, contact your local AMD sales office or sales representative. International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 9267-0; Hong Kong 86 54 525; London area (0483) 740 440; 
Manchester area (0925) 830 380; Milano (02) 339-05 41; Miinchen (089) 45053-0; Osaka (06) 243 32 50; Paris (1) 49 75 10 10; Seoul (02) 784 0030; Singapore (65) 348 11 88; Stockholm (08) 98 61 80; Taipei (02) 715 35 36; Tokyo (03) 334 67 550. 
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Pls, chip sets, and B10 
join 0 
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MARKUS LEVY, TECHNICAL EDITOR 


Everybody’s doing it. The “green 
PC” no longer represents a niche 
market. Green PCs were first con- 
ceived and developed a few years 
ago by just a handful of pioneering 
companies. At that time, many 
argued that the motivation for 
developing green PCs was market- 
oriented, because customers 
weren't actively seeking to pur- 
chase these types of computers. 
Today, green PCs—and the compo- 
nents they comprise—proliferate 
every segment of the computer 
industry, including printers, fax 
machines, and a range of office 
equipment. The good news is that 
computer manufacturers are able to 
green their machines at little or no 
cost to the consumer. And the great 
news is the very positive impact 
this move has for our environment 
(see box, “PCs impacting the envi- 
ronment”). 

Although many designers may 
not currently be involved in devel- 
oping green PCs, a time will come 
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when we'll all at least be using 
them. So, regardless of your level of 
involvement, this article offers 
some insight into what’s happen- 
ing under the hood of your power- 
managed computer. 


Conception of the green PC 
Approximately four years ago, 
Phoenix Technologies and Intel 
conceived the 24-hour-a-day PC, 
later known as the green PC. 
Greening a PC is about saving 
power without sacrificing system 
performance. No major develop- 
ments occurred in this area until 
1992, when the Environmental 
Protection Agency (EPA) an- 
nounced Energy Star, a program to 
encourage computer-power conser- 
vation. To be certified as Energy 
Star-compliant, a system must 
enter a low-power state when the 
unit is inactive (a low-power state is 
defined as a maximum of 30W for 
either the computer or the moni- 
tor). Industry pundits are hoping 


| Green PCs, designed to better our 


environment through conserva- — 
| a tion, have become the norm. 


Although many peripheral devices 
have built-in mechanisms to man- 
: | , age power automatically, the 

majority of a system's green capa- 


bility can be attributed to the 


CPU, its associated chip. set, 
and the BIOS. 
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for a second phase that 
lowers this number, 
because many 486 sys- 
tems meet this specifica- 
tion even without power-management 
techniques. Nonetheless, compared 
with the typical 160W a combined 
computer/monitor operating in the 
active mode consumes, 30W represents 
a big savings. And many computer and 
monitor manufacturers are developing 
equipment that consumes far less than 
30W. 

Energy Star is a self-policing pro- 
gram: an OEM must perform all of its 
own tests and report accurate results. 
In some cases where OEMs have report- 
ed incorrect information, the compa- 
nies had to modify equipment or 
remove the Energy Star logo. To remove 
ambiguities in the qualification 
process, the EPA defined power-con- 
sumption measuring procedures. 
These procedures specify test condi- 
tions ranging from ambient tempera- 
ture to line impedance. As the EPA fore- 
warned, a range of watt meters is 
available (some of which are inade- 
quate), so exercise care when making 
your selection. Some selection criteria 
must be based on the meter’s crest fac- 
tor, frequency response, resolution, 
accuracy, and calibration capability. 


Power-consumption profiling 

In a green PC, the CPU, its associat- 
ed chip set, and the BIOS have a syner- 
gistic relationship in governing power 
management for the entire computer 
system. To achieve the highest level of 
power management and performance, 
a green PC design builds a complex rela- 
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tionship among these three compo- 
nents. The BIOS and chip set must 
monitor system activity and determine 
when it’s appropriate to shut down the 
various computer subsystems. Under- 
standing this relationship is perhaps 
the key—and most difficult—aspect of 
power management; it’s more an art 
than a science. 

A computer system comprises many 
devices, including the CPU, memory, 
keyboard, monitor, disk drive, and so 
on. By examining power consumption 
for each of these devices separately, 
you learn the relative impact that each 
device has on the system’s overall 
power consumption. For example, you 
may not be surprised to see memory 
consuming far less power than the disk 
drive or CPU. Use this power profile to 
determine where to focus your energy 
when applying power-management 
techniques to a design. Obviously for 
a battery-powered computer, the goal 
is to squeeze every possible (and prac- 
tical) power-saving source. But in a 
desktop computer, the primary goal 
should be to target the major power 
hogs. 

The CPU is one of those power hogs, 
where processors such as the Pentium 
can consume as much as 10 to 15W in 
active mode. The most obvious, but not 
necessarily the easiest (from a manu- 
facturing and design standpoint), 
means of reducing a CPU’s power con- 
sumption is to reduce its operating volt- 
age. Manufacturers built first-genera- 
tion CPUs on a SV technology; but 
soon most 486- and 586-class proces- 
sors will be built on a 3.3V process. 
Originally, CPU vendors obtained 3.3V 


versions by characterizing 5V devices at 
the lower voltage. However, in order to 
pass SV parts off as 3.3V parts, they sig- 
nificantly derated specified operating 
frequencies of the 3.3V CPUs. 

Newer CPUs, especially those run- 
ning at 100 MHz, require 3.3V to per- 
mit faster CMOS switching times and to 
reduce heat generation. Today, the 
majority of 3.3V devices are built as 
3.3V devices from the ground up, but 
they have 5V-tolerant outputs to sup- 
port the readily available 5V logic that 
still dominates a PC’s motherboard. 
Some 486 CPUs, such as the Cyrix DX2- 
V66 and DX2-V80, require a nominal 
voltage of 4V; the system needs a volt- 
age regulator to supply this nonstan- 
dard voltage. 

Current and future generations of 
CPUs have automatic built-in circuitry 
to disable clocking to nonactive execu- 
tion units. For example, CPU designers 
commonly apply this technique to the 
floating-point unit, which may not 
always have an instruction flowing 
through it. 

The manufacturers of 486 and Pen- 
tium processors, such as AMD, Cyrix, 
Intel, and Texas Instruments, have inte- 
grated several mechanisms to help 
achieve lower power consumption. 
Although these mechanisms provide 
similar end results, it’s an interesting 
exercise to sort through their differences. 


CPU clock control 

The amount of power a CPU’s cir- 
cuitry consumes is linearly related to its 
operating frequency, P=CV7f, where C 
is the device’s capacitance, V is the dif- 
ference between high and low voltage, 


PCS IMPACTING THE ENVIRONMENT 


Computers make up the fastest growing electricity load in 
the business world. The EPA has stated that a typical com- 
puter system (combined CPU, monitor, and printer) con- 
sumes 451 kWhr annually. This figure is based on a typical 
eight-hour workday, with 240 workdays per year. And, 
when compared with the 2059 kWhr per year for the sys- 
tem running 24 hours per day for 365 days, this represents 
the usage model of approximately 40% of the computers in 
operation. With 140 million PCs in the world today, this 
number expands to 153 billion kWhr used per year; to gen- 
erate this energy, it takes almost 77 million tons of coal and 
an estimated $11 billion—an incredible impact on both the 


environment and the economy. 
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223-9659. 


Last year, President Clinton endorsed the EPA’s Energy 
Star program. His directive mandates that the federal gov- 
ernment, the largest consumer of computers in the world, 
will purchase only Energy Star-compliant PCs. This move 
will save the federal government $40 million per year on 
reduced electricity costs; it also frees up tax dollars for other 


To learn more about the EPA Energy Star Computers 
Program, contact Jeff Webb, the Environmental Protec- 
tion Agency, Energy Star, US EPA-6202J, 401 M St SW, 
Washington, DC 20460. Or, request an Energy Star infor- 
mation packet from the EPA Energy Star fax line at (202) 


TABLE 1—REPRESENTATIVE GREEN CHIP SETS FOR 4865S AND PENTIUM CHIPS 


Voltage at Events| Other power- 
Number | Processors CPU inter- 8-MHz Clock-speed moni- | management 
Device name of chips | (SMI support)| Bus* face clock control (MHz) | tored | features 
ACC Micro-2168GT 1 486 (A,C,l) = Yes 22 Susp/Resume button 
-2178 1 486 (A,C,l) 5 Yes 22 Susp/Resume button 
-2268 1 Pentium 5 Yes 22 Susp/Resume button 
-2278 1 Pentium 3.3/5 mixed Yes 22 Susp/Resume button 
Cypress-CY82- 2 486 (A,C,l) PCI/VESA 5 Yes 0 to 50 11 Five user- 
C599/597 defined timers 
CY82- 3 Pentium PCI 3.3/5 mixed Yes 0 to 66 11 Five user-defined timers 
C691/692/693 
Efar-EC802G 2 486 (A,C,l) VL 5 Yes 0 to 50 30 Five watchdogs, inde- 
and EC100 pendent timer for display, 
I/O trap and restart 
EC810PB, 3 486 (A,C,l) PCI/VL 5 Yes 0 to 50 30 Five watchdogs, inde- 
EC802G, and pendent and EC100 
EC100 timer for monitor, I/O 
trap and restart 
Power Set 4 Pentium PCI a2 Yes 0 to 66 20 Four watchdogs, inde- 
pendent timer for 
monitor, I/O trap 
and restart, user timer, 
power control port 
IMS 5026/27/28 4 Pentium PCI 5.2 Yes 0 to 66 12 Eight power control pins, 
or Atmel 40511/ timers, shadow registers, 
512/513 clock throttling, seven 
modem ring resume 
8848/8849 2 486 (A,C,l) PCI/VL 5 Yes 0 to 50 12 One timer 
or Atmel 
40411/412 
Intel-82420EX 2 486 (I) PCI 5 No 50 15 Clock throttling 
(Aries) 
82420ZX 486 (1) PCI 5 No 33 15 Clock throttling 
(Saturn) 3 
82430NX 4 Pentium PCI/EISA a3 No 50 i pe Clock throttling 
(Neptune) (90/100 MHz) . 
OPTi-82C802G 1 486 (A,C,l) ISA = Yes 8 to 50 29 One timer, monitor 
& P24D and synch control 
Viper Pci N/A 
PicoPower- Z 486 (A,C,l) 3.3/5 hybrid Yes 0 to 20 at 3.3V N/A 
PT86C368 0 to 33 at 5V 
PT80C732 Pentium VL/PCI 3.3/5 hybrid Yes 0 to 40 at N/A 
using 3.3 1Z 
PT80C826 
PT86C768 486 (A,C,l) VL/PCI 3.3/5 hybrid Yes 0 to 40 at 3.3V N/A 
using 0 to 50 at 5V 
PT80C826 
PT86C868 486 (A,C,l) VL/PCI 3.3/5 hybrid Yes 0 to 40 at 3.3V N/A 


usin 0 to 50 at 5V 


4 
2 
2 
PT80C826 
Samsung K582C53X 3 Pentium PCI 3.3/3 No Four timers, expandable 
, |/O for power control 
SIS-85c496 2 486 (A,C,l) PCI/VESA 5 Yes 0 to 50 11 Five PMU control 
timers, eight SMOUT, 
clock throttling 
85C501 3 Pentium PCI 3.3/5 No 33 to 66 11 Two watchdogs, clock 
throttling control 
Symphony Labs- 2 Pentium VL/PCI 3.3/5 mixed Yes 0 to 66 f GP I/O port, three 
Puccini watchdogs | 
Strauss 3 486 (A,C,l) VL/PCI 5 Yes 0 to 66 7 GP I/O port controls power 
status of eight I/O devices, 
seven watchdogs 
Wagner Wi 486 (A,C,l) VL 5 Yes 0 to 66 - GP I/O port controls power 
status of eight I/O devices, 
seven watchdogs 
VIA-Apollo 3 Pentium PCI ci Yes 0 to 66 12 Three activity timers, one GP 
timer, two idle timers, 
monitor synch control 
Pluto 4 486 (A,C,|) PCI 3.3 Yes 0 to 50 i Three activity timers, one GP 
timer, two idle timers, 
monitor synch control 
VISHVLB2C483 #860) 8.31050 Two watchdogs 
590 3 Pentium PCI/ISA be No 66 28 One watchdog 
Bridge 


Notes: A=AMD, C=Cyrix, I=Intel. N/A=not available. “All support ISA. **Use ACC2188 for PCI. 
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and f is the clock fre- 
quency. Within the 
realm of the desktop 
computer, slowing the 
clock speed was the original method 
used for controlling a CPU’s power con- 
sumption. Nonstatic 486 processors 
can have clock speeds drop to 8 MHz 
during periods of inactivity without 
adversely affecting the device’s opera- 
tion (recently, some Intel devices have 
been derated to 12 MHz). Furthermore, 
because these devices were not static, 
the only way to suspend the CPU fully 
was to remove power. To accomplish 
this, the CPU’s entire state had to be 
saved to disk. Not surprisingly, very few 
desktop systems implemented a full 
suspend. Today, most 486 and Pentium 
CPUs are static, allowing the clock rate 
to stop without state loss. 
Clock-doubling and -tripling CPUs 
available today utilize a phase-locked 
loop (PLL) to synchronize the external 
clock signal and produce a stable clock 
for the CPU’s internal circuitry. Jitter is 
an inherent problem with any PLL, typ- 
ically taking 1 msec to tune itself after 
any input clock change of greater than 


0.1%. However, usually by the time the 


system decides to lower the clock, the 
system was already idle, and the user 
shouldn’t experience a performance 
degradation. 

Texas Instruments’ clock-doubled 
SXL2 and SXLC2 486 CPUs incorporate 
a gated PLL that allows quick recovery 
from clock changes. A control signal 
within the processor allows the clock 
signal to bypass the PLL to enable clock 
frequency switching without any laten- 
cy. The Enable Clock Double bit in con- 
figuration register CCRO enables PLL 
bypassing. In a standard implementa- 
tion, these 486s run at 50 MHz inter- 
nally while the system bus runs at 25 
MHz. Bypassing the PLL, the CPU 
immediately begins running internally 
at 25 MHz, resulting in a two-times 
power reduction. While in this mode, 
the external clock can vary to any fre- 
quency without PLL synchronization 
delays. 

When Intel’s now-obsolete 386SL 
arrived on the scene in 1990, the 
device introduced new power-manage- 
ment techniques for notebook com- 
puters. Some of these techniques have 
evolved and proliferated throughout 
most 486 and Pentium products; in 
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addition, designers use them exten- 
sively to green most desktop comput- 
ers. One of those techniques, which 
Intel 486s and Pentium chips use, uti- 
lizes a special pin on the CPU, called 
STPCLK. When the CPU samples an 
active STPCLK input, it stops the clock 
to the core but keeps the PLL active. 
While STPCLK is active, clock signals 
to memory and cache control, and 
external bus control units remain 
active, but the CPU consumes only 
15% of its normal operating power. 
While STPCLK asserts, the Pentium 
still responds to interprocessor and 
external snoop requests. After the STP- 
CLK signal deasserts, it takes a few 
clocks to return to normal execution; 


attention-needing signals such as 
INTR, NMI, and SMI (system-manage- 
ment interrupt). 

Another power-management mech- 
anism the 386SL brought to the party is 
system-management mode (SMM), 
which enables code to control CPU 
power without having to rewrite or 
revamp existing operating-system soft- 
ware. SMM is entered via the hardware 
interrupt; SMI enters SMM. The SMI 
interrupt code can set SMM operating 
modes to reduce CPU and subsystem 
power dissipation. The SMM code, as 
well as the processor state, is kept in a 
separate memory space called system- 
management RAM (SM-RAM). Separat- 
ing memory spaces allows the SMM to 


TABLE 2—REPRESENTATIVE POWER CONSUMPTION FOR 
SMM-SUPPORTING CPUs’ 


Frequency 
Device (MHz) 
AMD-DXL2 
AMD-DX4 


Cyrix-DX 


Voltage 


Intel-SX 
Intel-SX 
Intel-DX 
Intel-DX 
Intel-DX2 
Intel-DX2 
Intel-DX4 


Power (W) 
active max 


ar Se 
Cs | @ [és |. or 
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Power (W)? 
suspend max 


Power (W)? 
stop clock 


N/A 
N/A 
0.005 
0.034 
0.038 
0.04 
0.09 
0.003 
0.01 
0.003 
0.01 
0.003 
0.10 
0.003 


Notes: 1. Power numbers derived from corresponding maximum values by multiplying ICC by 


the device’s input voltage. 


2. For AMD, this number represents its 8-MHz clock-reduced mode. 


3. AMD does not support this mode. 
4. N/A=not applicable. 


for example, the Pentium takes approx- 
imately 10 clock periods. 

Cyrix and TI 486s use a slightly dif- 
ferent method for activating such a low 
power mode. These processors do not 
have a STPCLK input. Instead they use 
suspend (SUSP) and suspend-acknowl- 
edge (SUSPA) signals, which power- 
down all logic except that associated 
with monitoring the CPU’s RESET, 
HOLD, and FLUSH inputs. In addition, 
a HALT instruction causes all 486s and 
Pentium CPUs (except AMD’s SV 486s) 
to enter the suspend state. This suspend 
state will terminate on occurrence of 


operate without intruding on normal 
CPU operation or system memory. 

Using SMM in desktops has led to the 
distinction between light- and dark- 
green PCs. Light green refers to systems 
that rely strictly on the keyboard or 
mouse to wake them. This relationship 
presents a limitation for unattended 
systems on networks or with modems 
on autoanswer that need to be awak- 
ened by other I/O activity. Using SMM, 
dark-green PCs can wake up on any I/O 
activity that generates an SMI. 

The method of SMM implementa- 
tion varies among different 486 man- 


The family just keeps growing. 
newest arrival, MPX5010D Signal Conditioned Pressure Sensor, with a 


pressure range of 0-10 kPa (0-1.45 psi), is well suited for microcontroller or 
microprocessor-based systems A/D inputs. 


Motorola’s MPX5100 family of 
monolithic pressure sensors is 
multiplying like you-know-what. 
Which means whatever your sensing 
needs, chances are we’ve got the 
device to do the job. 

Take our new MPX5010D fully 
signal conditioned, temperature 
compensated from 0°C to 85°C and 
calibrated silicon pressure sensor. It’s 
particularly suited for applications 
that employ a microcontroller or 
microprocessor with A/D inputs. In 
fact, it and the rest of our MPX5000 
Series pressure sensors make perfect 
sense for a wide range of applications, 
including consumer instrumentation, 
level indicators, inflation monitoring, 
pressure switching, pressure control 
systems, respiratory diagnostics, and 
heating, ventilating and air 
conditioning. 

Motorola’s patented, single element 
X-ducer™ combines advanced 
micromachining techniques, thin film 
metallization and bipolar 
semiconductor processing, designed 
to provide an accurate, high level 
analog output signal that is 
proportional to applied pressure. The 
MPX5010 Series Pressure Sensors are 
available in differential and gauge 


configurations—either in the basic 
element package or with pressure port 
fittings that provide printed circuit 
board mounting ease and barbed hose 
pressure connections. 


Look into the MPX5010D 
¢ On-chip bipolar amplification offers 
high level analog output (0.2 V to 4.7 V) 
° Pressure range: 0-10 kPa (0-1.45 psi) 
e Temperature compensated over 
O"C to 85°C 
¢ 8 standard porting options 
e Patented silicon design 
e Epoxy unibody element 
¢ High volume manufacturing capability 


Name 


Please send me Pressure Sensor Device Data Book #DL200/D Rev 1. 


Contact Us. And Hop to It! 

For more information, send the 
coupon below, or write Motorola Ltd., 
European Literature Centre, Tanners 
Drive, Blakelands, Milton Keynes 
MK14-5BP, United Kingdom. Please 
request Pressure Sensor Device Data 
Book #DL200/D Rev. 1. 


X-ducer is a trademark of Motorola, Inc. 
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ufacturers. Regardless of 
the implementation, 
SMI execution involves 
four distinct phases: 

1. An SMI signal is generated in 
response to system interrupts that 
monitor system activity or inactivity. 
The SMI is the highest priority non- 
maskable interrupt (higher than NMI). 
This interrupt cannot be reentered, and 
the CPU won’t recognize additional 
SMIs until exiting from SMM. 

2. The processor automatically saves 
its state to a fixed location within the 
SM-RAM space; this location varies for 
each manufacturer’s processor. For 
example, AMD 486s save the processor 
state in the address range of 60000H- 
601A7H. TI’s CPUs save at the top of the 
defined SMM space. This state-saving 
process is similar to a normal interrupt 
except that an SMI goes well beyond 
saving the current execution point and 


| EDN | Cover STORY 


status. The amount of saved informa- 
tion, and therefore the time to enter 
SMM, varies per manufacturer. 

3. The SMM code executes out of 
SM-RAM (Fig 1). This code, which is 
contained in the SM-RAM, must be 
initialized prior to first execution of 
an SMI. 

4. An SMI terminates by executing a 
new instruction called Resume Normal 
Mode (RSM). This operation restores the 
original processor state, and normal 
operation resumes. Of course, if the 
HALT instruction were executed in the 
SMM handler, the CPU would be stuck 
in the SMI until a non-SMI occurs. 

The SMM implementation, first 
appearing on Intel’s SL products, has 
now proliferated throughout the com- 
pany’s entire 486 and Pentium product 
lines. For this reason, Intel refers to cur- 
rent 486s as SL-enhanced versions; 
their implementation utilizes two pins, 


SMI and SMI active (SMIACT). After the 
CPU recognizes the SMI, it asserts SMI- 
ACT, which the system logic uses to 
decode accesses to the separate SM- 
RAM. All other bus signals are identical 
to normal access mode. Texas Instru- 
ments’ 486s use a similar approach 
with SMI and SMADS (address strobe) 
signals. While in SMM, TI 486s can use 
new instructions they’ve added to 
access non-SM-RAM; during these 
accesses, the CPUs generate the stan- 
dard ADS signal while SMADS remains 
inactive. 

AMD was first to implement SMM in 
a non-SL device, but, unlike Intel’s 
approach, AMD chose a three-pin 
implementation. After the CPU recog- 
nizes the SMI, it begins driving the SMI 
signal to indicate to the system that it 
has entered into SMM. However, this 
signal should not be used to qualify 
SMM accesses because it remains active 
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even when using the 
special instructions that 
access non-SM-RAM. 
The CPU uses two addi- 
tional pins, SMI address status (SMI- 
ADS) and SMI ready (SMIRDY), for bus 
cycles to the SM-RAM. These two pins 
are analogous to ADS and RDY used in 
normal bus cycles. 

One final note on CPU power man- 
agement: next-generation, 586-class 
processors from AMD and Cyrix are 
expected to be pin compatible with 
Intel’s Pentium (including SMI, SMI- 
ACT, and STPCLK). The implementa- 
tion may differ internally, but, at least 
from a socket perspective, this compat- 
ibility allows easier acceptance into the 
already established Pentium market. 


Green chip sets 

Chip sets with power-management 
capability originally targeted notebook 
computers. Some of these notebook- 
chip-set manufacturers still sell these 
enhanced power-managed devices for 
green-PC designs, and others have 
either upgraded their existing desktop 
chip sets or developed entirely new 
green devices. The most noticeable dif- 
ferences between notebook and green- 
PC chip sets are the number of periph- 
eral devices the chips sets monitor or 
control or the number of power-man- 
aged modes (ie, sleep, doze, 
etc). In a notebook comput- 
er, where every drop of bat- 
tery life is crucial and cus- 
tomers are willing to pay a 
premium, the chip sets tend 
to be more robust. However, 
as the competition heats up, 
chip-set manufacturers are 
adding more capabilities (at 
lower prices) to help differ- 
entiate their products. You'll 
find this especially true in 
the mature 486 market. 

The chip sets are actually 
the workhorses that control 
a system’s power manage- 
ment. At the simplest level, 
they provide SMI, STPCLK, 
and SUSP signals. They also 
offer hardware monitoring 
and control of various sys- 
tem activities. Almost all 
chip-set manufacturers 
have devices that support 
green-PC designs. Focusing 
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on power-management capabilities, 
each green chip set has variations of the 
following: 

@ SMM support: As a minimum, all 
chip sets that perform this function 
support Intel’s SMI/SMIACT approach. 
Most chip sets also support the three- 
pin AMD and Cyrix approach by mul- 
tiplexing functionality on certain pins. 
There are special registers within the 
chip sets for selecting mechanisms, and 
the system BIOS is responsible for pro- 
gramming the registers on system ini- 
tialization. BIOSs that support this 
capability contain algorithms to deter- 
mine what type of CPU is present. This 
function allows PC OEMs one-stop 
shopping when purchasing a BIOS that 
works with any processor. 

@ Most chip sets support an “auto- 
green” mode to accommodate non-SL- 
enhanced and nonstatic CPUs. Because 
these CPUs are not static devices and 
because they have no SMM capability, 
this mode slows the CPU’s clock to 8 
MHz. Other related features may in- 
clude CPU clock-scaling, throttling, 
and stop-clock control. Most green chip 
sets support the various software-con- 
trolled power-level modes such as doze, 
sleep, suspend, full speed, etc (Fig 2). 

e All chip sets have one or more 
timers used in conjunction with hard- 
ware inputs to monitor system events. 


POWER-OFF 
HDD DRIVER 


SPECIAL I/O DEVICES \3 
POWER SAVING 


VGA POWER-SAVING 
Vsync, Hsync 


These events represent system accesses 
to video, floppy and HDD, serial and 
parallel ports, keyboard, DMA, an 
external input, and general-purpose 
memory and J/O. For an example of 
how this works, consider memory- 
access monitoring. At system initializa- 
tion, the BIOS programs a specific reg- 
ister (or registers) within the chip set 
with a certain memory address range. It 
will also program a corresponding 
timer with a time-out value; this value 
may be user-determined or supplied as 
a system default and typically ranges 
from 1 sec to 300 minutes. The chip set 
monitors every access to this memory 
range, and each time it’s accessed, the 
timer resets. If the memory is not 
accessed within the period of the time- 
out value, the chip set generates an SMI, 
causing the CPU to enter SMM and per- 
haps shut off power to memory. 

e@ For those of you who leave your PC 
running while you go out for lunch, 
some chip sets include an asynchro- 
nous input, referred to as external SMI, 
which connects to a “coffee-break” but- 
ton on the PC. 


Software’s role 

The system BIOS directly supports 
the hardware features of a chip set as 
well as the different CPUs. Although 
some PC OEMs have their own BIOS 


STATE 3 POWER-SAVING 
ACTIVITY SUSPEND 


STATE 2 POWER-SAVING 
ACTIVITY STANDBY 


STATE 1 POWER-SAVING 
ACTIVITY DOZE 


Implementations of an SMI handler vary depending on the chip set, CPU, system peripherals, 
BIOS, or any OEM differentiating features. 
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groups, most OEMs use 
the services of the four FIGURE 2 Sia) atin 
major BIOS vendors DETERMINE CAUSE 


(American Megatrends 
Inc, Award Software, Phoenix Tech- 
nologies, and SystemSoft Corp), whose 
products support most commercially 
available chip sets and their power- 


TIMER EXPIRED? 


POSSIBLE ACTIONS: 
management features. 1. REDUCE CLOCK FREQUENCY 
Microsoft, Intel, and Phoenix VO PORT TRAP? 2. EXECUTE HALT INSTRUCTION 
Sige ji 3. POWER-DOWN CPU 
defined an application-program inter- 4. TURN OFF A PERIPHERAL 
face called Advanced Power Manage- 5. RESET TIMER 
é Seale POSSIBLE ACTIONS: 
ment (APM), which lets an application 4. TURN ON PERIPHERAL 
running Windows 3.1 communicate 2. WOTRICHO ee 
with the power-management portion 3. INCREASE CPU CLOCK 
, , _ 4. RESET TIMERS(S) 
of a system s BIOS. During system soft SMM HANDLER RESTORES 
ware operation, the operating system or CPU STATE 


application program, which uses the 


APM to pass control to the BIOS, can 


detect an idle condition. The BIOS, in 
turn, writes a special command to the 


chip set. The chip set then generatesan _ALI’s M1429G is a green chip set for the 486. The chip set accommodates many com- 
SMI to the CPU, causing it to enter mon software-controlled power-level modes. These modes include the usual doze, 
SMM, which begins by determiningthe suspend, standby, and full speed. 
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cause of the SMI. In this case, the cause 
is determined as a request for global or 
local standby. Local standby refers to 
device-specific activities (or lack of) 
such as the hard drive. Global standby 
is platform-wide and often results in 
turning off the CPU. 

On a desktop PC, the open architec- 
ture makes it difficult to enter into a 
completely suspended state. The dan- 
ger stems from certain add-in cards or 
PCMCIA cards. Ethernet cards are one 
such example, because the suspend 
state severs the network connection. To 
handle this, the BIOS vendors are work- 
ing with the OS providers to make 
“green-aware” OSs that can handle 
turning off peripherals. This scenario is 
a Catch-22 because, without power, the 
peripheral couldn’t generate an SMI, 
which would turn the peripheral back 


; . ; “th Vit. High Medium Low 
on. Stop-clock modulation, available enough to fit on our desktops, with lit kcrast interest eee 
with many chip sets, provides one _ tle or no effort, consume fractions of 592 593 594 


method for eliminating this suspend 
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problem. The chip set can apply a duty 
cycle to the stop-clock signal when the 
system is idle (determined by the BIOS 
and APM); the system wakes up on a 
periodic basis to respond to the timer 
tick or to poll a network card. 

An alternative benefit to being able 
to achieve a suspended state in the 
desktop is handling the problem of los- 
ing power (and having to say farewell to 
the document you neglected to save). 
Designers could build a system to use 
any remaining energy to save the state 
before going down. Although this 
sounds attractive, it’s uncertain 
whether customers will opt for the 
added cost. 

It’s amazing to think about how the 
power-hungry, immense computer sys- 
tems of our yesteryear have evolved. 
Today’s powerful computers, small 


the energy. Compared with just a year 


ago, you now have many hardware and 
software options to support your green- 
PC design efforts and continue the 
evolution. EDN 
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Wherever you want to take wireless 
_ personal communications, we can help 
you get there. | 

Expand your horizons. Talk to a company that offers 
foe routes into the wireless ook than anyone else. 

A company that has developed complete chipsets 
and discretes for every major standard. AMPS/(E)TACS, 
DECT, GSM, POCSAG - you name it. 

A company with global R&D resources. A company 
that’s built up unrivalled fuevoliaas Gan haw. A 
company that has unveiled the world’s first single-chip 
baseband digital signal processor for GSM. _ 

A company that’s packing more performance on 
chip, with technologies like QUBiC and SACMOS. 
Plus the state-of-the-art C100. . 

All backed by worldwide application support to help 
you get your most innovative designs off the ground. 

To find out more, see our new Briefing on semi- 
conductors for wireless personal communications. 
Contact Philips Semiconductors at the number below 
and we'll send you a copy. 
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Europe, fax: +31-40-724825, ask for WPC. 
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Environmental concerns 
are changing much in our 
society—including the 
design of portable 
electronic products. 


ATTERIES. 


changing the 
rules for design 


DAN STRASSBERG, SENIOR TECHNICAL EDITOR 


Designing battery-powered electronic prod- 
ucts—especially battery-powered consumer 
electronic products—will never be the same as 
it used to be. A decade or so ago, few people 
thought about the toxic materials within many 
batteries or what happens when those materials 
enter the waste stream. Efforts to manage such 
materials now affect how manufacturers are (or should be) 
designing battery-powered products. Reducing the use of toxic 
materials has caused changes in certain types of batteries and 
the disappearance of others. (See box, “Where have all the Hg 
cells gone?”) Most of all, because recycling seems to be the best 
way to deal with several kinds of nonautomotive rechargeable 
batteries, the battery industry has had to make lasting changes 
in some of its methods. 

Generally, manufacturers should no longer design prod- 
ucts in ways that keep users from easily replacing “worn-out” 
rechargeable batteries. This is the case with consumer prod- 
ucts. For these, several states have enacted laws or adopted 
regulations that require easy battery replacement. Having 


such rules in even one populous state was enough to dis- The easiest way to tell if the Rechargeable Battery 
courage manufacturers from designing products that users Recycling Corp's (RBRC’s) industrywide recycling pro- 
would have to discard when the batteries no longer could gram handles a rechargeable battery is to look for the 
hold a charge. (For example, some manufacturers used to _ RBRC’s seal on the battery, the unit that uses it, and 
make cordless vacuums this way.) The rules for industrial the unit’s packaging. The battery's chemistry (NiCd, 
products are less clear-cut, but there appear to be few good _jn this case) appears beneath the seal. Variations of 
reasons to design such products with rechargeable batteries the seal allow its use in several sizes, although the seal 
that users can’t replace. doesn’t fit on some very small cells. Manufacturers of 

In addition, manufacturers must comply with labeling products that use such tiny cells must place the seal 
requirements: The chemistry of rechargeable batteries (NiCd, for near the battery. 
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example) must appear on the outside of 
a product containing the battery, on the 
product’s packaging, and on the batter- 
ies themselves. If a battery is too small to 
bear the chemistry markings, the equip- 
ment manufacturer must mark the 
chemistry on the part to which users 
attach replacement batteries. 


Bye-bye, soldered-in batteries 
Soldering a battery to a pc board is no 
longer a good idea. It certainly isn’t a 
good idea in a consumer product that 
uses a battery requiring recycling or 
reclamation. Sure, you can claim that a 
whole plug-in board is recyclable, but 
you could have problems getting bat- 
tery recyclers to accept an assembly of 
which a battery is but a small part. If 
recyclers won’t handle the assembly or 
if they balk at doing so at an affordable 
price, your company will probably have 
to set up its own recycling program. An 
interesting question is how recyclers 
will deal with “smart-batteries” (Ref 1), 
which include wPs and LCDs. 
SGS-Thomson’s Snaphat package 
(Fig 1) appears perfect for making pc- 
board-mounted batteries replaceable. 
The company developed Snaphat for 
reasons unrelated to recycling. The 


Although developed for purposes unrelated to recycling and currently available 


only with nonrechargeable batteries, SGS-Thomson’s Snaphat package could be 
used for rechargeable batteries that require recycling. Unlike batteries soldered to 
pc boards, Snaphat batteries snap out, obviating the need to recycle whole boards. 


package enables designers to place non- 
rechargeable lithium (Li) batteries on 
surface-mount pc boards where reflow 
soldering would otherwise expose the 
batteries to excessive temperatures. 
Such nonrechargeable batteries are cur- 
rently the only ones available in the 
Snaphat package. There are two types, 


each designed for a specific IC. Prices 
begin at $1.76 (10,000). Use of the 
package for rechargeable batteries that 
require recycling could solve a major 
problem, however. 

Compared with many other indus- 
tries, the battery industry has acted 
responsibly in the current climate of 


VVHERE HAVE ALL THE HG CELLS GONE? 


Mercury (actually, mercuric-oxide—HgO) button cells were 
nice. They had this neat characteristic: Their terminal voltage 
stayed nearly constant at 1.34V right to the end of their life, 
when it would drop precipitously. With these cells, you didn’t 
need a voltage regulator, even for such voltage-sensitive appli- 
cations as powering a light meter in a camera. Another favorite 
application was as a power source for hearing aids. There, the 
constant output voltage made it unnecessary to adjust the vol- 
ume as the cells aged. 

Alas, such cells are just about extinct because of their Hg 
content. Although Varta and perhaps others continue to sup- 
ply them (see box, “For free information...”), 13 states have 
banned the sale of these cells. So, now what? The savior of this 
situation is product obsolescence. Hearing aids have a rela- 
tively limited life. Technological advances render them obso- 
lete after a few years, and the operating environment (the 
human body) and the frailty that results from the aids’ high 
level of miniaturization lead to their eventual deterioration. 
When a hearing aid reaches the end of its life, the user pur- 
chases a new hearing aid that uses another kind of battery. 

Cameras are a different story. They can have very long lives. 
Moreover, users of these (sometimes nearly priceless) inani- 
mate objects develop relationships with them that perhaps 
only owners of English and Italian automobiles can appreciate. 
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What do you do when the time comes to replace the Hg cell 
that runs the light meter in a no-longer-manufactured camera 
to which you’ve become attached? 

The day is fast approaching when you will have only a few 
choices: Although using an external light meter is an option in 
many cases, using one changes the camera’s “feel.” Some 
cameras may be able to use silver-oxide button cells, even 
though such cells’ output (1.85V, theoretically) is somewhat 
higher and their life is not equivalent. Or you can put the cam- 
era on a shelf or donate it to a museum where others can 
admire it. A collector might even be willing to buy it. Alterna- 
tively, if you’re adept at working with miniature electronic 
parts, you could modify the camera to use a different type of 
cell and a micropower IC regulator. There is little likelihood 
that you would be able to fit the cell/regulator combination 
where the old button cell fit, however. 

Since a lot of those old cameras still exist, you might think 
there’d be a business opportunity waiting to be tapped by an 
entrepreneur able to create a drop-in replacement for Hg but- 
ton cells. Unfortunately, the market isn’t large and is shrinking 
all the time, and the investment—particularly in production 
tooling—is far from trivial. As far as we can tell, until now, 
nobody who has looked at this “market” has been able to jus- 
tify the cost of entering it. 
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environmental concern, even though 
regulators have not made life particu- 
larly easy for battery vendors. Battery 
makers have succeeded in substantially 
removing mercury (Hg) from the most 
common nonrechargeable (primary) 
cells, often called dry cells: alkaline 
(now the most common kind) and the 
older “general-purpose” and “heavy- 
duty” types. (This article uses the terms 
“battery” and “cell” interchangeably. 
Technically, though, a cell is the fun- 
damental building block of a battery, 
which comprises multiple cells.) All of 
these dry cells use electrodes made of 
manganese-dioxide (MnO,) and zinc 
(Zn). The cell types differ in material 
purity, electrolyte composition, and 
construction details. 

You may wonder what mercury was 
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doing in such batteries at all. Manufac- 
turers added the heavy metal because it 
reduced hydrogen (H,) outgassing from 
the electrodes. The most pronounced 
effect of the evolution of H, in these 
batteries was ruptured cases and leak- 
age of corrosive electrolytes, which 
often ruined the product that held the 
battery. Manufacturers first found that 
they were using more Hg than they had 
to; initial reductions in Hg content did 
not affect battery characteristics. 
Thanks to redesigned construction and 
changes in the chemical additives and 
other materials, the only traces of Hg in 
dry cells today are minute amounts of 
impurities. 

The “no-mercury-added” versions of 
dry cells cost users no more than their 
predecessors did; the new batteries also 


offer greater shelf life and, in most uses, 
longer service life. The removal of Hg 
has enabled consumers, but not neces- 
sarily industrial users, to continue dis- 
posing of dry cells (and batteries that 
contain the cells) as ordinary house- 
hold waste. 

European countries, which first pro- 
posed regulating the Hg content of bat- 
teries, provided the impetus for these 
changes. Several US states, beginning 
with New Jersey and Minnesota, then 
promulgated their own regulations. 
Dry-cell manufacturers recognized that 
it was in their own best interest to seize 
the initiative; otherwise, they might 
have to deal with SO sets of rules. 
NEMA, which includes battery manu- 
facturers among its members, estab- 
lished rules on phasing Hg out of dry 


REUSABLE ALKALINE: HELP THE ENVIRONMENT; ASK FOR TROUBLE 


Within the past year, Rayovac began selling a battery that it 
and its competitors had been trying to produce for decades— 
a practical reusable alkaline cell. (Rayovac’s brand name is 
Renewal.) Because these cells cannot supply high currents as 
well as NiCd and nickel-metal hydride (NiMH) cells, they are 
not a general-purpose replacement for the more familiar 
rechargeable units. However, manufacturers can redesign 
many products that use NiCd and NiMH batteries to accept 
reusable alkalines. And reusable alkalines work well in just 
about every application designed for nonrechargeable alka- 
lines. of the same size. 

Reusable alkaline batteries are friendlier to the environment 
than the alternatives are. Unlike NiCd, probably the most 
familiar rechargeable in portable applications, reusable alka- 
lines do not use cadmium or nickel. Unlike NiMH, they do not 
use nickel or rare-earth metals. Reusable alkalines do even less 
harm to the environment than do conventional alkaline bat- 
teries, with which they have much in common. Although envi- 
ronmentalists consider conventional alkalines safe enough not 
to require recycling, reusable alkalines are better yet. Because 
of their rechargeability, they find their way into landfills only a 
fraction as often. 

Despite these advantages, the reusable cells didn’t at first 
receive a warm reception from regulators. The problem was 
that several states’ regulations called for recycling of recharge- 
able batteries, and reusable alkalines are—well—rechargeable. 
Because the cells are rechargeable, the regulations dictated 
that users had to recycle them. However, a reusable alkaline 
that needed to be recycled would be far less attractive than 
one you could just discard. Without a change in the regula- 
tions, Rayovac would not be able to sell as many, there would 
be fewer economies of scale, and prices would have to rise. 
That would further reduce the product’s appeal...and its envi- 
ronmental benefits. 
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Rayovac was able to work with the regulators to get the rules 
changed. As a result, you can now buy Renewal cells in AAA, 
AA, C, and D sizes. A charger that handles four of the AAAs or 
AAs costs about $15, and Rayovac claims that most users will 
have paid for the charger by the time they have to replace their 
first package of four cells. But the story just reinforces what 
should be painfully clear by now: All too often, environmental 
regulations are the worst enemy of cleaning up the environ- 
ment. Moreover, regulators and lawyers whose livelihood 
depends upon reviewing and changing the regulations have a 
vested interest in maintaining this status quo. Meanwhile, the 
taxpayers foot the bill. 


Alkaline “dry” cells are among the most environmentally 
friendly types, even though they must be discarded fairly 
often. Rayovac’s Renewal reusable (rechargeable) alkaline 
cells are even friendlier because users don’t have to discard 
them as often. Rayovac says that many users will have recov- 
ered the cost of the charger (about $15 for the smaller size) 
by the time their first package of cells needs replacement. 


QUICKEST TIME TO MARKET 


You KNOW QuicKLOGICc® Is THE FASTEST. NoW WE'RE THE EASIEST TO USE. 


By using QuickLogic FPGAs, we guarantee your 
design can be realized faster than ever before. 


RANTES ROUTING 

GUA QuickLogic has such a wealth 
of routing resources in every WildCat™ 

FPGA that we guarantee utilization of up to 100% 

of the flipflops and I/O pins. And, with our 

Quick Works™ design tools, it's automatic — placing 

and routing a complex 4,000 gate design in under 

10 minutes. 


‘RED PINOUT 
Guinan! With QuickLogic, you can 


always get to that pin. You can lock down 
your pins and hold them through multiple 
iterations — even with marketing surprises. No more 
costly board revisions and schedule slips. 


PUT OUR GUARANTEES 
TO THE TEST 
W AWWNTION MX) Want proof with your own design? 
Call us now and we will send our new 
QuickWorks suite of design evaluation tools for 
just $99.00. If you need more convincing, read on. 


GUA With QuickLogic's ViaLink® 

antifuse technology, logic interconnect 
impedance is so small that system clock speeds of 
1O00MHz are easily attainable. Our AWE-based delay 
modeling software guarantees that your device will 
meet or exceed the reported timing. 


PRED SYNTHESIS QUALITY 
GUARY 


sramantE> TIMING 


Rivaling schematic design entry 
in device speed and utilization, Quick Works 
introduces the highest quality synthesis for FPGAs. 
With QuickWorks' Verilog® and VHDL synthesis 
(by Synplicity™, Inc.) and OVI-compliant Verilog 
simulation (by Simucad®, Inc.), quantum leaps in FPGA 
design productivity can be realized. 


Take us up on our guarantee. Call for our tool set and 
get your design to market quicker. Fax us at 
408-987-2012 or call 1-800-842-FPGA (3742) 

for a QUICK response. 

In Europe, call +49 (89) 899 143 28 or Fax +49 (89) 857 77 16. 


Be 


QUICKLOGIC 


We Live Up “Jo Our Name 


©1994 QuickLogic Corporation. ae and ViaLink are registered trademarks. WildCat and Quick Works are 
trademarks of QuickLogic Corporation. All other trademarks are the property of their respective companies. 104GD&A 


CIRCLE NO. 185 EDN November 10, 1994 = 63 


GREEN BATTERIES 


cells, and the industry beat its 
self-imposed deadlines. Because 
of the success of the industry ini- 
tiative, states have refrained from 
trying to further regulate dry 
cells’ Hg content. 

Rechargeable cells and battery 
packs pose a greater challenge. In 
electronics, the most common of 
these are sealed lead-acid and 
NiCd batteries. Many people 
regard the relatively new nickel- 
metal hydride (NiMH) batteries 
and even newer rechargeable Li 
batteries as a way around the 
problems of other types, especial- 
ly NiCd. In fact, though, no one 
has yet determined whether to 
classify NiMH batteries as non- 
hazardous waste material. Nickel 
acts as a catalyst in incinerators; 
to some environmentalists, that’s 
enough reason to classify spent 
NiMH batteries as hazardous. 

Environmentalists are also con- 
cerned about lithium, a very active 
metal. There are many Li battery 
chemistries. Whereas environ- 
mentalists consider batteries that 
use some of these chemistries safe 
for disposal in consumer quantities, that 
is not generally true for industrial quan- 
tities. Even in small quantities, it is not 
the case for Li batteries that contain 
other toxic materials such as sulfur-diox- 
ide (SO,). BDT (see box, “For free infor- 
mation...”) specializes in disposing of Li 
and other battery types. 

Reclamation facilities such as Inter- 
national Metals Reclamation Co (also 
in the “For free information...” box) 
can recover a greater portion of the 
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Even the packaging of batteries is an environmental 
concern. Regulators—at first, in Europe—may out- 
law blister packs because their combination of 
cardboard and plastic makes them hard to recycle. 
This replacement, Kodak’s“all-card” package, uses 
no plastic but still allows consumers to see the cells 
through a cutout. 


metal content of NiCd batteries than of 
NiMH ones. Thus, as with so many 
environmental issues, a problem’s 
“obvious” solution (in this case, 
replacement of NiCd with NiMH) can 
turn out not to work as well as a seem- 
ingly inferior approach (recycling of 
NiCd cells). The automotive lead-acid- 
battery industry achieves recycling 
rates of 95% or more. If the nonauto- 
motive-battery industry can come close 
to those rates with nickel-containing 


LOOKING AHEAD 


rechargeable batteries, NiCd bat- 
teries will actually do less harm 
to the environment than the 
“friendlier” NiMH type. 
But therein lies the challenge: 
establishment of a recycling 
infrastructure for NiCd, NiMH, 
and sealed lead-acid batteries 
used in nonautomotive prod- 
~ucts—many of them electronic. 
Establishment of the efficient 
recycling infrastructure for auto- 
motive batteries took decades. 


Bureaucracies are us! 

Only if you’ve had some expe- 
rience dealing with slow-moving 
and sometimes-inept govern- 
mental bureaucracies are you 
likely to appreciate what the 
nonautomotive rechargeable- 
battery industry has gone 
through to establish a recycling 
program. Several years ago, man- 
ufacturers of NiCd and sealed 
lead-acid batteries recognized the 
need to cooperate in addressing 
environmental issues. That 
recognition eventually led to the 
creation of a trade association, 
the Portable, Rechargeable Battery 
Association (PRBA). 

The PRBA quickly determined that 
the most practical way to keep battery 
materials out of the waste stream was a 
recycling program. It was obvious that, 
even though recycling might eventual- 
ly reduce the price of battery raw mate- 
rials, recycling would initially be cost- 
ly, and someone would have to pay. If 
each manufacturer had to establish a 
separate recycling program, obtaining 


Despite their importance to a field as dynamic and rapidly 
changing as portable electronics, batteries evolve rather slow- 
ly. New chemistries don’t spring up overnight. Indeed, some 
in use today have been around for at least a century. Never- 
theless, batteries continue to evolve; vendors continually make 
subtle improvements (removing mercury from dry cells, for 
example) and not-so-subtle ones (like Rayovac’s development 
of reusable alkaline cells. See box, “Reusable alkaline: Help the 
environment; ask for trouble”. Like Eveready’s pink Energizer 
bunny on TV, the vendors keep on going, and going, and 
going in their quest to make better batteries. 

Nevertheless, it would be difficult to predict that over the 
next year there will be great upheavals in battery technology. 
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Any changes that do occur are unlikely to have a major effect 
on the environmental friendliness of the batteries used in 
portable electronic equipment. The most significant develop- 
ment will probably be nontechnical. Expect the Rechargeable 
Battery Recycling Corp to move its recycling program into high 
gear and to work out a lot of kinks. 7 

Over the longer term—within the first decade of the 21st 
century—look for technology developed for automotive bat- 
teries to filter down to portable electronics. The results will be 
batteries—zinc-air, perhaps—that store more energy per gram 
and per cubic centimeter and that do less harm to the envi- 
ronment than do the batteries we use today. 
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the cooperation of distributors and 
dealers would be more difficult— 
maybe impossible. In addition, there 
would be needless duplication, which 
would raise costs. Eventually, the PRBA 
spun off a not-for-profit corporation, 
the Rechargeable Battery Recycling 
Corp (RBRC) to manage an industry- 
wide recycling program. 

Enter the first roadblock: antitrust 
laws. If battery manufacturers had 
agreed among themselves to cover recy- 
cling costs by increasing prices, they 
would have been “conspiring” to raise 
prices, a violation of the antitrust laws. 
What evolved was a fairly convoluted 
licensing system, under which battery 
manufacturers, distributors, resellers, 
and manufacturers of equipment that 
uses batteries, pay royalties to the RBRC 
for use of its seal. The RBRC bases pay- 
ments on the weight of the recyclable 
materials in the products a company 
ships. In return, the RBRC manages the 
recycling program (Fig 2). 

Although the RBRC seal is an adap- 
tation of the by-now-familiar recycling 
logo, the two differ in significance. An 
item that bears the “chasing arrows” is 
made of recycled materials, is itself 
recyclable, or is both. But the presence 
of the chasing arrows on a recyclable 
item isn’t sufficient to indicate that the 
item must be recycled. In some cases, 
though, the logo implies just that. For 
example, many jurisdictions require 
recycling of NiCd and lead-acid batter- 
ies. Until the introduction of the RBRC 
seal, however, products that used such 
batteries carried no indication of this 
requirement—except for the chasing 
arrows and a written message. 

On a battery, the RBRC seal shows 
not only that the battery is recyclable, 
but also that, in many places, it must 
not be sent to a landfill. The seal also 
indicates that the supplier participates 
in the RBRC’s industrywide recycling 
program. So RBRC recycling centers will 
accept the battery. On a product that 
contains a battery, the RBRC seal sig- 
nals that the landfills in many areas do 
not accept the battery, but RBRC recy- 
cling centers do accept it. 

The next obstacles were rules of the 
US Environmental Protection Agency 
(EPA) and its state counterparts. 
Although intended to encourage recy- 
cling, the regulations looked as if they 
might have the opposite effect. For 
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Keeping the toxic materials in such batteries as NiCd and sealed lead acid out of 
the waste stream is the objective of the recycling program of the not-for-profit 
Rechargeable Battery Recycling Corp. Electronic products use a significant fraction 
of the batteries on which the RBRC focuses. 


recycling to work, you must store quan- 
tities of the material you will recycle 
until you have enough of it to transport 
and process economically. But require- 
ments for complex paperwork make 
bulk storage and transportation diffi- 
cult and expensive. The RBRC had to 
work with regulators to change the 
rules. (The initial regulations are yet 
another example of how, if left unchal- 
lenged, a way of “solving” an environ- 
mental problem can actually make the 
problem worse.) 

One of the biggest handicaps to the 
smooth operation of the RBRC’s recy- 
cling program is that recycling and dis- 


posal of batteries currently come under 
the purview of the states. The Resource 
Conservation and Reclamation Act, a 
federal law also called the Superfund 
law, does not set up hard and fast rules. 
The EPA regulations in this area are advi- 
sory only; state laws can preempt them. 

Both the US Senate (in Bill No. 
S.729) and the House of Representa- 
tives (in HR.4882) have proposed leg- 
islation that would preempt state laws, 
thereby establishing cohesive national 
regulations. As this article went to 
press, the PRBA was encouraging inter- 
ested parties throughout the industry 
to urge their senators and representa- 
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tives to enact these laws. 

The community of people intensely 
interested in the technical and legal 
implications of battery recycling is 
rather small. But considering the large 
and rapidly growing importance of bat- 
teries in electronics, the size of this 
community has good reason to grow 
explosively. One way of becoming 
more knowledgeable is to attend the 
annual International Seminar on Bat- 
tery Waste Management. Unfortunate- 
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ly, by the time you read this, the 1994 
edition of the seminar will be history. 
However, the proceedings (as well as 
those of previous seminars) are avail- 
able at $95 per copy from Florida Edu- 
cational Seminars (see below). EDN 
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(417) 623-8000 
Circle No. 303 
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MAC It” FIBER-OPTIC CONNECTOR 


SYSTEMS (FORMALLY AT&T 
CONNECTOR SYSTEMS) 


SOCKET EXPRESS © 


Today, Berg s che ae growth, from both our core operation and strategic abeulettions: en- 
ables us to offer you a worl wide connector service second to none. And the only one that meets 
the ISO > Berk hope ard, worldy ide. Our expanded product line will fill ped connector needs from 


en th \ ve sithog: and iehaaiboty facilities, aie can co-develop your next connector 

with you , to meet or exceed your expectations for signal integrity, miniaturization, speed 
and electrical and mechanical requirements. Berg’s worldwide design/manufacturing network lets 
us produce your design at a location within reach of your delivery destination—just one factor 
enabling us to reduce your time to market. For a visual presentation of how Berg’s worldwide 
capabilities can dovetail with your needs, send for our new brochure, “The Fast Lane To Market.” 


CALL US ANYWHERE IN THE WORLD YOU CHOOSE TO WORK. 


HERTOGENBOSCH, NETHERLANDS: Phone: + 31 73 206 504; FAX: + 3173214439 © LES ULIS CEDEX, FRANCE: Phone: + 33 1.69 188890; FAX: + 33 169299758 © OBERURSEL, 
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with Active 


 . The 5812-F combines a 20-bit CMOS 
“ee shift register, data latches, _ 
._ \ and control circuitry a“ 
with high-voltage 
bipolar source drivers 
“and active DMOS pull- 
downs for reduced supply 
current requirements. 


High-Speed Source Drivers 
60 V or 80 V Source Outputs 
Active DMOS Pull-Downs 


Low-Output Saturation 
Voltages 


3.3 MHz Minimum Data 
Input Rate 


Reduced Supply Current 
Requirements 


© Yop 


© Yep 


GROUND 
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© _SERIAL 
DATA OUT 


BiMOS II 8-Bit Serial Input, 
Latched Source Driver — 5895 


The 5895 BiMOS II serial-input, latched source driver 
is designed for applications emphasizing low-output 
saturation voltages and currents to -250 mA per output. 


CLOCK O 


SERIAL 


O SERIAL 
DATA IN 


° DATA OUT 


STROBE oO © Yop 


GROUND oO OUTPUT 


O 
ENABLE 
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BiMOS II 10-Bit Serial-Input, 
Latched Source Drivers with 
Active DMOS Pull-Down 

— 5810-F 


The 5810 combines 10-bit CMOS shift register and accom- 
panying data latches, control circuitry, bipolar sourcing 
outputs with DMOS active pull-downs. 


High-Speed Source Drivers 


60 V or 80 V Minimum Output 
Breakdown 


Active DMOS Pull-Downs 

Low Output Saturation Voltages 
Low-Power CMOS Logic and Latches 
3.3 MHz Minimum Data Input Rate 


© Yop 


CLOCK O 


SERIAL 


DATA IN © © SERIAL 


DATA OUT 


STROBE O 
BLANKING O 
MOS 
BIPOLAR 
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GROUND 


Take A Test Drive... Call For Samples 


Try these Allegro ICs in your breadboard. You'll find that you'll 
reduce your component count, increase reliability through use of 
monolithic solutions and protection features, as well as poten- 
tially lowering overall manufacturing costs. Sample and detailed 
technical information are now available. Just give us a call. 


™ 


MicroSystems, Inc. 
FORMERLY SPRAGUE SEMICONDUCTOR GROUP 


Low Output-Saturation Voltage 
Source Outputs to 50 V 

Output Current to -250 mA 

3.3 MHz Minimum Data-Input Rate 
Low-Power CMOS Logic & Latches 


BiMOS II 8-Bit 
Serial-Input, 
Latched Source 
Drivers — 5890 
Frequently applied in non-impact 
printer systems, the 5890 is a BIMOS 
II serial-input, latched source (high- 


side) driver. 


CLOCK Oo 


SERIAL 
DATA IN 


STROBE O 


GROUND Oo 


50 V or 80 V 
Source Outputs 


Output Current to -500 mA 


Output Transient-Suppression 
Diodes 

3.3 MHz Minimum 

Data-Input Rate 


Low-Power CMOS Logic 
and Latches 
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BRIAN KERRIDGE, 


If you happen to fall asleep while reading this arti- 
cle, and if the furniture you’re resting on happens 
to catch fire, chances are you’ll survive the inci- 
dent. But nod off near a smoldering rack of pc 
cards, and that’s. 
where the story will end. For, 

although Western legislation 

has long since outlawed fur- 

niture materials that burn 

with toxic fumes, electronic 

products still burn with 

damaging effects, and simi- 

lar regulations have yet to 

apply. 

In 1989, Siemens Corporate Research and Development, 
based in Erlangen, Germany, embarked on a project to study 
this burning problem and to develop replacement materials. 
The result of the company’s work is a patented pc-board 
material, called FRN, which not only burns “greenly” but 
also will be in products in 1995 and looks set to replace 
today’s widespread use of FR4 material. 

Although you may not regard electronic products as gen- 
erally combustible, they increasingly intermingle with flam- 
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Constituents of today's pc-board material 
limit flammability but exude evil gases 


when burning. Tomorrow's pc-board materi- 
al burns cleanly and is well ahead of con- 
trolling legislation. 
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mable objects in our offices, factories, and homes. Evidence 
shows that twice as many deaths occur due to a fire’s toxic 
emissions than directly from the flames, and so the threat of 
injury from coe electronic products is very real. Within 
eee en Aenean nae electronic products, burning 
pc-board material causes the 
major environmental 
impact, although the effects 
of burning component 
encapsulation and IC plastic 
packaging are also signifi- 
cant. Currently, the annual 
worldwide volume of elec- 
tronic products contains 
around 350,000 tonnes of pc-board material and 100,000 
tonnes of molding compounds (1 tonne=1000 kg). 

These noxious emissions will take on greater environ- 
mental relevance as countries introduce stringent recycling 
and waste-disposal regulations. Limiting the spread of dan- 
gerous compounds during recycling and disposing of waste 
by incineration will become commonplace requirements. 
Ultimately, part of that legislation will enforce you to con- 
trol the environmental impact of your designs, which means 
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GREEN PC BOARDS 


you’ll need to consider factors affect- 
ing product destruction alongside 
your work on product creation (see 
box, “Adopting a life-cycle design men- 


tality”). Property 


Surface resistivity (Q) 


Flame-retardants kick up stink 

Ironically, substances originally 
designed-in to pc boards and compo- 
nent encapsulants as flame-retardants 
are the very same substances at the 
source of the noxious emissions prob- 
lem. Plastic materials are generally 
flame-retardant according to Under- 
writers Laboratories specification UL 
94V-0. This specification requires that 
flames should extinguish less than 5 sec 
after you subject the material to a 10-sec burn. 

Traditionally, substances designed-in to meet this specifi- 
cation come from the halogen group of elements, of which 
bromine or chlorine is a common choice. For example, reg- 
ular FR4 pc-board material contains around 10% bromine 
compounds. 

When pc-board material burns, these bromine com- 
pounds release hydrogen bromide and bromine radicals, 
which quench the fire by inhibiting a chain reaction with 
oxygen. Humans and the environment suffer because hydro- 
gen bromide and bromine radicals are extremely corrosive 
and because burning generates highly toxic gases—dibenzo- 
dioxins and dibenzofuranes. 

As a further twist, component-encapsulating material 
contains antimony trioxide as a synergist to bond bromine 
compounds into the chemical structure of the material. 
When burning, components disperse antimony-trioxide 
dust, which is carcinogenic. 

Siemens’ work in developing replacement plastics has 


Dielectric constant 


Water absorption 


Dielectric loss factor (tan 8) 


Glass transition temperature 
Copper peel strength (35 jm) 
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Table 1—Comparison of green FRN, typical FR4 
pc-board material (1.6 mm), and MIL-P-13949G 


MIL-P-13949G 
101° 


FR4 


FRN 
(23°C) 


(150°C) | 1.5x108 10° 
Volume resistivity (Q.cm) (23°C) | 4.910"! 


5x10"! 


(150°C) | 5.4x10" 10° 
Ue i oe 


4.66 
0.030 


POOR St 00 

0.35% 

Unspecified 
1.4N/mm 


1.7N/mm 2.0N/mm 


focused on eliminating all traces of halogen and antimony 
trioxide while preserving structural, electrical, and process- 
ing characteristics and also retaining flame-retardancy. 

For the new FRN pc-board material, Siemens uses nitrogen 
and phosphorous compounds to achieve flame-retardancy. 
These compounds have a high affinity to combine with oxy- 
gen, leaving less oxygen to sustain combustion. In fact, phos- 
phorous compounds, in particular, further assist flame-retar- 
dancy by forming a smooth vitreous heat-insulating cocoon 
over the surfaces of a burning pc board. To comply with UL 
94V-0, FRN material contains around 2.7% phosphorus. 
Burning tests at the German Research Center for Health and 
the Environment in Neuherberg and at the University of 
Bayreuth show no evidence of the release of phosphorus 
compounds into the atmosphere. 

' To add momentum to the introduction of FRN material, 
Siemens has enlisted the aid of other German companies, 
such as chemical giants Bayer and Hoechst and laminator 
Isola. Sample material from these companies has passed 


Increasingly, the principle of “producer 

responsibility” for the environmental 
impact of products will penetrate the 
tranquility of your design office. 

To engender that principle, govern- 
ment authorities such as the Environ- 
mental Protection Agency in the United 
States and the Industry Council for Elec- 
tronic Equipment Recycling in the Unit- 
ed Kingdom are preparing the way for 
controlling legislation. The form of the 
legislation is as yet unclear, but in the 
European Community, proposals to 
impose a “disposal levy” on producers is 
one possibility. Nasty products will 
attract high levies; friendly products may 
escape totally. 

Germany is Europe’s greening force, 
and the principle of producer responsi- 
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bility is already evident there. Buyers 
increasingly demand that vendors take 
back old products when they buy anew. 
Germany also expects to be first with 
legislation (within three years), and the 
German auto industry already places 
environmental requirements on its sup- 
pliers. 

In anticipation of these moves, com- 
panies are busy developing internal envi- 
ronmental-design policies. Siemens, for 
example, has implemented wide-rang- 
ing internal guidelines. As part of the 
program, Siemens classified the range of 
plastics used throughout its products 
into five categories ranging from “high- 
ly recommended” to “do not use.” The 
program requires designers to seek for- 
mal levels of approval to use parts con- 


taining plastics in the various categories 
and will phase out some categories alto- 
gether. 

Eliminating halogen flame-retardants 
in pc-boards and discrete component 
encapsulants was a necessary part of the 
program, and you can expect Siemens 
to report similar progress on IC plastic 
packaging by the end of 1995. 

To assist you in operating your own 
policies, companies will increasingly 
state the environmental impact of prod- 
ucts, maybe through a system of label- 
ing. Companies such as National Semi- 
conductor, Philips Semiconductors (Ref 
2), and Siemens already routinely pub- 
lish data specifying the chemical content 
of their products. 


pay 8- Line Revive Terminator. 


CSI Termination Chip with Power-Down Mode 


G5601 is an 18-line active terminator for SCSI-2 circuitry. On-chip resistors and 2.9V regulator 
vide the prescribed 110Q termination for low power dissipation and high speed data transmission. 
an alternate source for the popular “5601” SCSI terminator. All line connections can be disconnected 
m the bus with a single logic control line to reduce standby power consumption. Key specs 
Jude: 2.9V current-limited and thermally protected regulator, power-down mode of 150A max, 
d an output capacitance in disconnect mode of 10pF typ. REG5601 is packaged in a 28-lead surface 


unt package. 
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lectrometer-Grade Op Amp 
18-pin DIP and SO-8 


PA129 is an electrometer-grade op amp 
fered in cost-saving 8-pin DIP and SO-8 
irface-mount packages. Its 100fA max input 
as current makes it ideal for high impedance 
insors, low drift integrators, pH probe ampli- 
rs, and ion gauge measurement. Its innovative 
nout preserves its low bias current by allowing 
0m for circuit board guard traces—even with 
le tiny SO-8 package. Key specs are: 100fA 
lax Dias current, 2mV max offset voltage, 
OuV/°C max drift, and 15nV/\Hz at 10kHz noise. 
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World’s Fastest Current 
Feedback Op Amp—1GHz 


OPA648 is a high speed current feedback op 
amp with 1GHz unity-gain bandwidth— 
perfect for today’s demanding video, medical 
imaging, and test/analytical instrumentation 
applications. It achieves this high bandwidth 
while dissipating only 13mA of quiescent current. 
Key specs are: 20ns settling time, 1200V/ys 
Slew rate, 0.02%/0.02° differential gain/phase, 
and a 9dB noise figure. OPA648 operates from 
+5V supplies and is offered in 8-pin plastic DIP, 
SOIC and hermetic ceramic packages. 
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‘2A, +35V Dual Power Operational Amplifier 
)PA2544 is a dual, high-voltage, high-current operational amplifier suitable for driving high power loads. It packs two powerful amps in a single TO-3 package—saving 


oard space and money. It provides output of up to 2A and its power supply range extends to +35V. It’s also ideal for programmable power supplies and automatic test 
(quipment. Key specs are: 2A output current, 8V/us slew rate, 50pA input bias current, internal current limit, and internal thermal shutdown protection. Available in an 


-pin metal hermetic TO-3 package. 
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New Operational Amplifiers 
Brochure 


A new eight-page brochure, 
Operational Amplifiers, 
features over twenty new op 
amps. It has selection 
guides on precision and 
high speed op amps 
along with complete 
descriptions, specifica- 

tions, and applications 
info. Four pages of 
technical info highlight 
high speed amps, 

video amps, audio 

amps, precision amps, current-feedbac 
amps, wide bandwidth amps, single power supply amps, precision 
FET amps, and switchable-input amps. Available from local 
Sales representative. 
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New, Versatile Package ; 


New Photodiode/Amplifier IC in 
“Optically Friendly” Package 


OPT202 is now available in an innovative package—a new 
5-pin SIP that mounts vertically for light sources entering the 
edge of a circuit board. It’s ideal for many industrial applica- 
tions including medical and laboratory instrumentation, 
position and proximity sensors, photographic analyzers, and 
smoke detectors. Key specs are: 1MQ feedback resistor, 
2mvV dark errors, 0.45A/W (650nm) responsivity, 400A 
quiescent current, 0.05% nonlinearity, and +2.25 to +18V 


Supply range. 
CIRCLE NO. 30 


International Subsidiary Offices: Austria (43) 1 602 63 71, France (33) 1 395 43558, Germany (49) 711 77040, Italy (39) 2 580 10504, 
Japan (81) 33 586 8141, Netherlands (31) 3465 50204, Switzerland (41) 1 7240928, United Kingdom (44) 923 233837. 
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through established pc-board processes 
and has been compared in detail with 
FR4 and the internationally accepted 
standard MIL-P-13949G (Table 1). 
Siemens has constructed a range of pro- 
totype pc-board assemblies and will 
introduce FRN material to its own elec- 
tronic assembly lines during 1995. 


Secondary savings tip balance 

Naturally, the cost of FRN is a major 
concern, but according to Dr Wolfgang 
Rogler, thermosetting materials man- 
ager at Siemens, the overall penalty is 
not so severe. Rogler says that, most 
important, FRN is entirely compatible 
with established pc-board processes 
and equipment and involves users in no 
additional capital expense. The board 
material is around 10 to 20% more 
expensive than today’s halogen-based 
alternative. Although the material is in 
full-scale production, this increase 
translates to less than 1% on_a typical 
pc-board assembly. 

Rogler says it’s important for indus- 
try to recognize secondary cost savings 
that redress the balance. For example, 
pc-board production traditionally 
involves high levels of material waste 
due to cropping—up to 30%. The 
absence of halogens now opens up the 
prospect of recycling these waste prod- 
ucts. 

Also, the absence of corrosive and 
toxic effects dramatically reduces fire 
damage to surrounding equipment and 
the environment, leading to lower 
cleanup costs and, in turn, to lower 
insurance premiums. 

FRN also has a higher glass transition 
temperature than FR4 and therefore 
exhibits greater structural stability at 
higher temperatures. This feature 
enables faster production using higher 
temperature flow soldering or implies 
fewer rejects due to board distortion at 


normal solder temperature. Greater stability also opens up 
the possibility of applications using thinner pc boards. 

In the longer term, industry will have no choice but to fol- 
low a path to increasingly tighter environmental regulations. 
Eliminating halogens will be seen as a necessary step along 
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ADOPTING A LIFE-CYCLE DESIGN MENTALITY 


Creating products is a responsibility you 
accept with enthusiasm and relish. 
Destroying those same products is a 
responsibility you don’t expect to carry 
and one you currently disregard. 

Quite soon, though, that situation 
will change. You'll become just as 
responsible for your product’s destruc- 
tion as you now are for its creation. You 
will adopt a life-cycle design mentality 
(Ref 1). Your aim will be to minimize the 


environmental impact of a design 
throughout its life—and during its even- 
tual destruction. To do this, you'll need 
to design with components and materi- 
als and employ processes, such as easy 
disassembly, that prevent pollution and 
aid recycling. Eventually, your success 
in achieving these aims will become 
yet another measure of your product's 
quality. 


FOR FREE INFORMATION... 


For free information on the materials and environmental issues discussed in this article, 
circle the appropriate numbers on the postage-paid Information Retrieval Service card or 
use EDN's Express Request service. When you contact any of the following manufacturers 
directly, please let them know you read about their products in EDN. 


Bayer 

Leverkusen, Germany 
(214) 3081725 
Circle No. 357 


Hoechst 
Frankfurt, Germany 
(69) 3050 

Circle No. 358 


Industry Council for 

Electronic Equipment Recycling 
London, UK 

(71) 729 4766 

Circle No. 359 


Isola 

Dueren, Germany 
(2421) 8080 
Circle No. 360 


Philips Semiconductors 
Eindhoven, The Netherlands 
(40) 722091 

Circle No. 361 


National Semiconductor 
Furstenfeldbruck, Germany 
(81) 41103349 

Circle No. 362 


Siemens 

Munich, Germany | 

(89) 63647058 

Circle No. 363 

US Environmental Protection Agency 
Cincinnati, OH 

(513) 569-7931 

Circle No. 364 


Super Circle Number 
For more information on materials 
and environmental products avail- 
able from all of the vendors listed in 
this box, you need only circle one 
number on the postage-paid reader 
service card. 
Circle No. 365 


Design Guidance Manual,” EPA/600/R-92/226, January 


1993. 


that path—and one well worth paying for to secure a new 


level of environmental safety from electronic products. 
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You can reach Senior Technical Editor Brian Kerridge in the UK 
at (508) 528435, fax (S08) 528430. 
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The LTC1279 is a high speed 
sampling ADC designed for 
demanding telecom and signal 
analysis applications. It has 
true 12-bit performance from 
DC to Nyquist. 


Key Features are: 
e 600ksps throughput 
e 70dB S/(N+D) at Nyquist 


e 60mW power dissipation and shutdown 
¢ Complete ADC in small footprint 


e Single 5V or £5V supply 


advertisement 


LINEAR SOLUTIONS 
A/D CONVERTERS 


LTC1279 
Effective Bits and Signal-to-(Noise + Distortion) 
vs Input Frequency 
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The LTC1279 contains a sample-and-hold, synchronized conversion clock, precision voltage reference and 


high speed, parallel interface to DSP and microprocessor ports. The LTC1279 also features an 8.5mW 


powerdown mode with instant wake-up for additional power savings and is available in narrow 24-pin 


DIP and SO packages. 


Single Supply 8-Channel 12-Bit ADCs Have 10uA Shutdown 


The LTC1296 is a 46ksps ADC 
designed to fit a wide variety 
of industrial process control 
equipment and multiplexed 
data acquisition systems. 


Included on-chip are: 

e Software programmable, 
8-channel multiplexer 

e Precision sample-and-hold 

e¢ Power shutdown mode 
with status pin 

e Single 5V or £5V supply 
operation 


LTC1296 
12-Bit Data Acquisition System with Power Shutdown 


350Q STRAIN 
GAUGE BRIDGE 


THREE ADDITIONAL STRAIN GAUGE INPUTS 
CAN BE ACCOMMODATED USING THE OTHER 
AMPLIFIERS IN THE LT1014 


The multiplexer can be programmed for 8 single-ended or 4 differential inputs or combinations of both. 


The 3-wire serial interface is compatible with Microwire™, SPI and QSPI, and facilitates remote monitoring 
and isolated applications. Available in 20-pin DIP and SO packages. Pricing begins at $8.23 in 1000-piece 


quantities, for 20-pin DIP. 


Microwire is a trademark of National Semiconductor Corporation 


Complete High Speed 3V 12-Bit ADC for Portable Data Acquisition 


Operating at 140ksps, the LTC1282 The LTC1282 comes complete Packaged in 24-pin DIP and SO, 

is a complete, high speed 12-bit with: the LTC1282 fits a wide variety of 
ADC for 3V and +3V supply e¢ Sample-and-hold portable and battery-powered 
applications that dissipates only e Precision 25ppm/°C applications including audio, 
12mW. No missing codes and a voltage reference spectrum analysis and telecommu- 
+1/2 LSB max INL combine to e Easy to use, high speed nications processing. Pricing for 
offer true 12-bit performance in a parallel interface the LTC1282 begins at $13.47 in 
complete package. Dynamic 1000-piece quantities. 

performance is an outstanding 

69dB S/(N+D) at Nyquist. 


LTC1282 
Integral Nonlinearity 
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Low Cost 8-Pin SOIC, 8-Bit ADCs 
Auto-Shutdown to 1nA Supply Current 


The LTC1096/LTC1098 are low cost 8-bit savings. The 3-wire serial I/O is Microwire, SPI and QSPI compat- 
ADCs in 8-pin DIP and SO packages ible and easily adapts to remote and isolated data acquisition. 


that operate from a single 3V to 9V 
The LTC1098 input has 2-channels while the LTC1096 features a 


differential input. Small size and low cost ($2.82 in 1000-piece 
quantities) make the LTC1096/LTC1098 ideal for space conscious, 
power sensitive applications such as RSSI (Receive Signal Strength 


supply. Operating current is a low 
180A max, and the devices automati- 
cally power down to 1nA between 


conversions, further increasing power 
Indicator), battery monitoring and touch screen interface. 


LTC1096/LTC1098 
Supply Current vs Sample Rate 
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THE LTC1096’s HIGH IMPEDANCE INPUT CONNECTS DIRECTLY TO THIS TEMPERATURE SENSOR, 
SAMPLE FREQUENCY, fgup (KHZ) ELIMINATING SIGNAL CONDITIONING CIRCUITRY IN THIS 0°C to 70°C THERMOMETER 


Micropower 12-Bit ADCs in SO-8 for Battery and Portable Systems 


The LT'C1286/LTC1298 are tiny 12-bit ADCs that draw 250yA from a 


LTC1286/L1C1298 single 5V supply when converting and automatically power down 


Differential Nonlinearity vs Code 
to InA between conversions. Packaged in 8-pin DIP and SOIC, the 


LTC1286 features a differential input while the LTC1298 input has 
2 channels. Both devices have Microwire, SPI and QSPI compatible 


serial interfaces and 


easily accommodate LTC1286/LTC1298 
. ar Supply Current vs Sample Rate 
isolated applications. 
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LTC1288 are pin compat- 


ible versions designed — SEH 
ea ae 
Hae 


and specified for 3V 


SUPPLY CURRENT (1A) 


supply applications. 
Pricing begins at $4.65 in 1000-piece quantities, perfect for high 
volume, space and power sensitive applications such as pen screen 
interface, remote data acquisition and battery monitoring and 


o 
ny 


battery-powered portable instruments. SAMPLE FREQUENCY (Hz) 


1MHz 8-Bit ADCs in SO-8 Save Power and Space 


The LTC1196/LTC1198 are fast 8-bit ADCs that operate from a 3V or iciaueaniies 

5V single supply and convert 1MHz inputs to 7 Effective Bits. The Supply Current vs Sample Rate 
LTC1196 has a differential input, and the 2-channel multiplexed 
LTC1198 automatically powers down to 1nA between conversions. 
Both devices are available in SO-8 packages and provide high speed 
3-wire serial I/Os for RSSI, bar-code scanners and portable DSP. 


Low power (7mA typ), low cost ($2.37 in 1000-piece quantities) and 1101198 Vee = VIA 


excellent dynamics make the LTC1196/LTC1198 ideal for demanding Sees tina 


high frequency, power sensitive applications. Fe 

Zo 

,; 4A TT ET 
1k 10k 

SAMPLE RATE (Hz) 


LTC1196/LTC1198 
Effective Bits and Signal-to-(Noise+Distortion) 
vs Input ementy 
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Part 


LTC1096 
LTC1098 
LTC1196 
LTC1198 


LTC1090 
LTC1091 
LTC1092 
LIC1093 
LTC1094 
LTC1095 
LICI283 


LTC1286 
LTC1298 
LTC1290 
LICI291 
LTCi1292 
LIC1293 
LTC1294 
LTC1296 
LICIZ97 
LICI285 
LTC1288 
LTC1287 
LTC1289 


LTC1272-8 
LTC1272-3 


LICI275 
LYCI275 
LICI276 


LTC1278-4 
LTC1278-5 


LIC izZ79 
LTC1282 


Resolution Foampie 


(Bits) 


8 
8 
8 


10 
10 
10 
10 
10 
10 
10 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


12 
12 
12 
12 
12 
12 
12 
12 
i2 


(ksps Max) 


6% 
ee: 
1000 
750 


30 
ol 
38 
26 
26 
26 
15 


12.5 
111 
50 
54 
60 
46 
46 
46 
50 
70 
6.6 
30 
25 


100 
250 
300 
300 
300 
400 
500 
600 
140 


sampling A/D Converters 


# of 
Inputs 


— 
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VREF 


Ext 
Ext 
Ext 
Ext 


Ext 
Ext 
Ext 
Ext 
Ext 
+5.0 
Ext 


Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 


2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
1.20 


Data* 
VO 


Serial 
Serial 
Serial 
Serial 


Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 


Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 


uP 8 or 12 
uP 8 or 12 
uP 8 or 12 
uP 8 or 12 
uP 8 or 12 
uP 12 
uP 12 
uP 12 
uP 8 or 12 


15 
0.45 


1.25/0 
1.7/0 
30/0.05 
30/0.05 
30 
30/0.05 
30/0.05 
30/0.05 
30/0.05 
0.48/0 
0.63/0 
3 
3/0.03 


73 
75 
75 
79 
75 
Tayo 
75/5 
7279 
12 


Features 


Micropower SO-8 ADC 
2-Channel LTC1096 
1Msps SO-8 ADC 
2-Channel LTC1196 


Low Power Multiplexed ADC 
8-Pin 2-Channel ADC 

8-Pin 10-Bit ADC 

Low Power Multiplexed ADC 
Low Power Multiplexed ADC 
Complete 6-Channel ADC 

3V LTC1090 


Micropower SO-8 12-Bit ADC 
2-Channel LTC1286 
8-Channel ADC 

8-Pin 2-Channel ADC 

8-Pin 12-Bit ADC 

6-Channel ADC 

8-Channel ADC 

LTC1294 w/Shutdown Output 
LTC1292 w/ Auto-Shutdown 
3V LTC1286 

3V LTC1298 

3V LTC1292 

3V LTC1290 


Sampling AD7572-12 
Sampling AD7572 A-3 

5V High Speed ADC w/Ref 
High Speed ADC w/Ref 
High Speed ADC w/Ref 
Sampling ADC w/Shutdown 
Sampling ADC w/Shutdown 
Sampling ADC w/Shutdown 
3V Sampling ADC 


Package* 


N8/S8 
N8/S8 
N8/S8 
N8/S8 


N20/5S20 


N16/S16 
N20 
N18 
N20 


N8/S8 
N8/S8 
N20/5S20 
N8 

N8 

N16 
N20/S20 
N20/S20 


N20/520 


N24/5S24 
N24/S24 
N24/S24 
N24/S24 
N24/5S24 
N24/S24 
N24/S24 
N24/5S24 
N24/S24 


* Serial I/O is Microwire, SPI and QSPI compatible 
** Power dissipation is listed in the Active and Shutdown modes 
t N8 =8-pin DIP S8 = 8-pin SOIC 
N16 = 16-pin DIP S16 = 16-pin SOIC 
N18 = 18-pin DIP S20 = 20-pin SOIC 
N20 = 20-pin DIP $24 = 24-pin SOIC 
N24 = 24-pin DIP 
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Linear Technology Corporation 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 
Phone: (408) 432-1900 

Fax: (408) 434-0507 

For literature only: 1-800-4-LINEAR 


books that work Custom made 
ine Way YOU WOFK fits better! 


Specific design examples of circuits! 


Radio Frequency Transistors: 


Principles and Practical Applications 
Norman E. Dye and Helge O. Granberg, 
Motorola 

Written by two experienced RF design engineers, 
this new book discusses the selection of solid state 
devices for specific applications. For the most part, 


it is devoted to specific design examples of circuits. 


The EPSON ASIC- 
Sept. 1992 288pp. cloth 0 7506 9059 3 $39.95 (£40.00) 


Solutions: 

Power saving oscillator 
Circuit 

Low Power Consumption 
Dual Power Source 

Level Shifter 


Achieve acceptable EMC performance at minimal cost! 


EMC for Product Designers 


Tim Williams 

Electromagnetic compatibility is becoming 
increasingly important in the design of electronic 
products. In the absence of comprehensive U.S. 
standards, the Europeans are leading the way in this 
field. This book examines the European Commission's 
standards on EMC and, most importantly, outlines how 
EMC design principles need to be incorporated from the 
beginning to avoid cost and performance penalties. 
October 1992 272 pp cloth 07506 12649 $42.95 (£24.95 paper) 


BEEPSON 7 


LOW POWER i LOW VOLTAGE 
0 


a 


Loaded with practical infor mignon #) You need a microcontroller, optimized for your 
Rechargeable Batteries = design? 
Applications Handbook #) Your application requires low power 
Technical Staff, Gates Energy Products = consumption? | 


In order to obtain the best performance from re- 

chargeable batteries, it is essential that they be ap- #) No standard product meets your specifications? 
plied correctly. This isacomprehensive reference on . | 
proper selection, specification and application guide- 
lines from one of the world's largest sealed-cell 
manufacturers. 
May 1992 290pp. cloth 0 7506 9227 8 $49.95 (£38.50) 

Even if you don’t find “your“ microcontroller 


In the U.S. | in EPSON’s Standard Product Line, our 
=| 1-800-366-2665 (<= Application Specific IC’s are the ideal solution. 
M-F 8:30-4:30 E. T. : 

Fax 617-438-1479 


BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 


The |EDN| Series | = vd S O N 
for Design Engineers 


In the U.K. and Europe, order from: we re here 10 help 


REED BOOK SERVICES LTD. EPSON Semiconductor GmbH, Riesstrasse 15, D-80992 Mtinchen 
Phone + 49-89-14 97 03-0, Fax + 49-89-14 97 03-10 


Ask EPSON! 


tm 7354 


Special Sales Department 


EPSON France S.A., B. P. 320, 68 Rue Marjolin, F-92305 Levallois-Perret Cedex, FRANCE 
P.O. Box 5 Rushden, Northants NN10 9YZ U.K. Phone: 489-1-40873737, Fax +39-1-47372240 
To order by Pp ho ne: EPSON Italia s.p.a., V. le F.Illi Casiraghi, 427, |-20099 Sesto S. Giovanni (MI), ITALY 
Phone: +39-2-262331, Fax: +39-2-2440750 
TEL. 0933 58521 FAX 0933 50284 | SSO18 EPSON (UK) Ltd., Campus 100, Mayland Avenue, Hemel Hempstead, Hertfordshire HP 2 7EZ, UK 


Phone: +44-442-227222, Fax: +44-442-227244 
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Across our entire MEMORY /ine: 


When WE WIN, 
YOU WIN. 


| And lately, you seem to win EVERY TIME. | 


IS A TRADEMARK OF MICROSOFT CORP. 


WINDOWS 


1994. 


INC., 


© SAMSUNG SEMICONDUCTOR, 


84 = EDN November 10, 1994 


HIGHLY INNOVATIVE 


DUE Vee LOPE Re 


IN| 


SYNCHRONDUS 


WORLD'S 
ers | 


Samsung's performance in the memory race has been rather spectacular of late. Which, for our customers, 1s a very 
good thing. Because 1t makes for geographic diversification in supply. And it means there's a major source truly 
committed to the U.S. market. Since completing the first 16-meg DRAM, we've gone on to become the No. 1 
memory supplier worldwide. Based on DRAMs but also on SRAMs, VRAMs, Flash, ROMs, and emerging 
memory categories. To achieve this, we spend some 15% of revenues on R&SD. And we're bein g awarded patents 


at a rate of hundreds per year. We plan on continuing our winning ways. Which, in turn, means you win too. 


SEMICONDUCTOR 


A Generation AHEAD. 
CIRCLE NO. 188 
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Lower cost and twice the PERFORMANCE: | 


Introducing the Extraordinary 
WINDOW RA 


[In GUI applications, it eats VRAMs for LUNCH.] _ 


Nowadays, graphical user inter- 
faces are everywhere. But they’re also 
terribly slow. 

We at Samsung decided it was 
time somebody fixed that. 

Which is why we've designed a 
new product—with a new architecture 


—that not only outperforms VRAMs™ 


but sells for much less. 


The 8-Mbit Window RAM gives 


you a 1024 x 1024 x 8-bit frame buffer. 


Its 20 ns extended data out Fast 
Page Mode will give you a minimum of 
33% more speed than the fastest 
VRAMs. And the Window RAM 


incorporates several dedicated GUI- 


accelerating features. All of which means 
that— yes—it eats VRAMs for lunch. 
You'll find that the Window 
RAM’s 
designing with it easy. And you'll also 


familiar interface makes 


find that a new generation of graphics 
controllers will support it. So you'll 
not only be able to put the Window 


"SURPASSES VRAMS IN PERFORMANCE BY UP TO 180% IN BENCHMARKS. © SAMSUNG SEMICONDUCTOR, INC., 1994. 


86 = EDN November 10, 1994 


ve WRAM (and Also Our VRAMS.) 


ACCESS ULTRA FAST PAGE VOLTAGE 
TIME CYCLE TIME 


Samsung's Highly Innova 


PART ORG. 


KM4232W259 256Kx32 60ns 20 ns 5.0V 
KM4232X259 256Kx32 60ns 20 ns aay 


WRAMs in 120-pin PQFP. Also available: our state-of-the-art 1-meg and 2-meg VRAMs: 
KM4216C256 and KM4216C258 (both 256K x 16), KM428C256 and KM428C257 (both 256K x 


RAM to use, you'll be able to do it 
almost effortlessly. 

We're able to offer the chip at a 
low cost because of its streamlined 
design, which eliminates the unused 
overhead that comes with VRAMs — 
such as serial write, write transfer, 


and flash write. 


8), in both 5 and 3.3 volt. 


And with this kind of per- 
formance at this kind of cost, we’re 
confident the Window RAM will be 
chowing down on VRAMs for some 
time to come. 

For information on designing-in 


this latest piece of memory wizardry 


from Samsung, call 1-800-446-2760 or 


CIRCLE NO. 189 


408-954-7229 today. Or write to 


WRAM Marketing, Samsung Semi- 
conductor Inc., 3655 N. First St., San 
Jose, CA 95134. 


SEMICONDUCTOR 
A Generation AHEAD. 
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Some of Our 


But we put a 12-bit micropower ADC into 
an SO-8 package. For less than $5. 


With the demand for small, low- EAH me LTC1298 draws 340uA at 11.1ksps. 
cost, battery-powered electronic ET,-25c | =H =|: Power drain drops even more in auto- 
products accelerating, you face some —EVec=Vrer=5V tH tH «=| shutdown to 20uA at Iksps, and at 
tough design challenges. Until now, ‘fe Touk = 200kH2 | idle it plunges to 1 nanoamp! 


most ADCs were too big, too expen- | 2 100: The best news is the price. The 
sive, and consumed too much rgagegees moma as LTC1286 and LTC1298 are priced 
power. Sete ane at just $4.98 for the SO-8 package 
You can solve these problems eae ae and $4.65 for the DIP in 1000 piece 
with the industry's smallest, lowest 5 es quantities. 
cost, lowest power 12-bit micro- Att Hit And for 3V systems, our new 
power ADCs, the LTC1286 and the Con LTC1285 and LTC1288 offer the 
LTC1298. Both devices include a { Salil mat a same great features as their 5V 
sample-and-hold, serial I/Os, 1- or 10k 100k | counterparts, at even lower power. 
2-channel MUX, +3/4 LSB maxi- cAMP FREQUEN AE) For more details, contact 
mum DNL, and operate on a single Linear Technology Corporation, 
5V supply. 1630 McCarthy Boulevard, 


Battery operation is extended 
since the LTC1286 draws only 
250uA at 12.5ksps, while the 


: Milpitas, California, 95035/ 
408-432-1900. For literature only, 
TECHNOLOGY call 1-800-4-LINEAR. 


FROM YOUR MIND TO YOUR MARKET 
AND EVERTHING IN BETWEEN. 
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| EDN | | DESIGN IDEAS 


EDITED BY CHARLES H SMALL & ANNE W/ATSON SWAGER | 


Digital tachometer avoids analog vices 
eital tach avoids analog 

TAN VAN NGuYEN, IBM SSD DIVISION, SAN JOSE, CA 
component of the digital seek servo 

loop in Fig 1b. The loop produces an 

error signal that causes a motor to fol- HALF-TRACK PULSES 

low a sophisticated velocity profile 
(Fig 2). Although you could use an ana- 
log tachometer, the digital one costs 
less, performs better, is less sensitive to 
temperature, and implements easier in 
a custom IC. 

My design’s tachometer controls the 
actuator for the heads of an optical-disk 
drive. But the principle also applies to | (4) 10-MHz CLOCK 
other motor-control applications. 

Upon receiving a start command, 
the actuators accelerate to a desired 
speed and follow the specified velocity 
profile until they reach their destina- 
tion. HALF-TRACK CROSSING 

As the actuators move across the 
tracks, they generate two pulses for 
each track they cross. The circuit sam- 
ples these pulses at different rates 10-MHz CLOCK DIGITAL. 
depending on how close the actuators - TACHOMETER. 
are to their final destination. Table 1 an : 
lists the specific sampling rates. 

A 10-MHz clock provides the funda- a LL DDr,rmrrr”—“‘“‘=“‘C““NONCCO cc 
mental sample rate; but the actual sam- The digital tachometer in (a) cleverly adjusts its sampling rate to match varying 
ple rates vary. Therefore, the circuit ates of input pulses. The sampling rate varies as the actuator being controlled 


must divide the time between samples approaches its target (Table 1). The circuit in (b) compares the tachometer’s out- 


by that same sample rate to obtain the _ put with the actuator’s desired speed. 
correct time interval for each pulse. 


Otherwise, the output 


The digital tachometer in Fig 1a is a 


COUNTERS 


NUMBER OF SEEK SERVO LOOP 
TRACKS TO GO 


PROFILE © 


A/D converters would TABLE 1—DISTANCE TO GELOGRYPRORILE iene 
not produce a properly DESTINATION VS 
scaled error signal. SAMPLING RATE DIGITAL TACHOMETER 
In Fig 1, two 4-bit Number of Pulse-sampling rate 
counters divide the tracks to go (2 pulses/track) 


input-pulse signal and 
the 10-MHz clock by 425 to 153 
the appropriate divisor 
from Table 1. The over- 
flow output of the 
input-pulse’s 4-bit 
counter loads all zeros 
into the 12-bit counter. The 4-bit counter’s overflow output 
clocks the 12-bit counter. Thus, the output of the 12-bit 
counter always represents the time required for a single input 
pulse, regardless of the sample rate. 

A 4-kbyte PROM converts the output of the 12-bit counter 
to velocity. The circuit in Fig 1b compares the actual veloc- 
i ty with the desire d velocity, pro ducing an error signal for i ee 
the actuator. (DI #1612) After accelerating an actuator, the digital tachometer tracks 


> 
= 
oO 
(@) 
=_l 
152 to 68 tu 


DISTANCE 


the actuator’s speed. This tracking produces an error signal, 
To Vote For This Design, Circle No. 374 so the actuator follows a desired velocity profile as it homes 


in on its destination. 
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BE |Desicn teas 
Software configures IBM PC interrupts 


SAID JACKSON, CONSULTANT, HAMBURG, GERMANY 


Anyone who has installed an expansion card in an IBM PC- 
AT expansion slot has dealt with interrupt conflicts. Often, 
despite the manufacturer’s claims of “plug-and-play” com- 
patibility, inserting a simple I/O card turns a fully function- 
al computer into a brain-dead piece of equipment. Interrupt 
assignments and the possible resulting conflicts usually 
cause this pernicious problem. 

Under software control, the circuit in Fig 1 can dynami- 
cally assign an interrupt-channel to an I/O card based on 
available channels. (The new PCI bus from Intel uses the 
- same methodology.) 

The 8-bit ISA bus provides six external-interrupt lines for 
expansion cards. Because the assignment of these interrupts 
is not standardized, more than one card may come from its 
factory set to the same interrupt line. 

Now, multiple cards that use the same interrupt line are 
not necessarily bad. The ISA bus permits multiple cards 
assigned to the same interrupt. In fact, serial-I/O cards fre- 
quently use this scheme because PCs come hardwired with 


2.2k 
VecO 


RSTDRV_ 1 2 
OU 1 UO 6 
a -O 


LG INTERRUPT 


74ALS974 


r = 
IBMISABUS fess 
! DECODER ; — 


ISA-ADDRESS | 1 GS IRQ-PORT 


— YOUR 
O oe VO CIRCUIT 


I GOES HERE 
i 


( 
ISA-CONTROLI —— 
—— eed 


S 10 CIRCUIT 


COM1 sharing an interrupt line with COM3 and COM2 with 
COM4. 

But, in some cases, the interrupt-handler software cannot 
resolve such a conflict and the system crashes. Instead of forc- 
ing the user to troubleshoot the system by tediously chang- 
ing jumper settings, the circuit allows the software to recon- 
figure the I/O board. Today’s users demand such comfort and 
find any other setup highly anachronistic. 

The heart of the circuit is an 8-bit register, IC,, that stores 
the selected interrupt for the card. The software selects an 
interrupt line by writing a zero into the corresponding regis- 
ter bit. The software must first set all unselected interrupt bits 
to a logic 1. You can use the two leftover most-significant bits 
as general-purpose output bits. In our case, we used the bits 
to drive two status LEDs. 

Your main concern is the circuit’s cold-start behavior. The 
circuit must deactivate all interrupts upon power-up because 
the status of the register is undefined. The PC’s reset-driver 
signal presets flip-flop IC,, at power-up and disables IC,’s out- 


IBMISA BUS | 


A simple setup program can dynamically assign an interrupt-channel to ae IBM PC's 1/0 card, based on currently salable 


channels. 
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VIGITAL & ANALOG AUDIO FREQUENCY TESTING 


Thousands of System One Audio test systems in use HIGH PERFORMANCE 

around the world attest to the fact that this is the System New digital and analog technologies make yester- 

Nat Works. days “good enough” unacceptable. System One easily 
=AST & COMPREHENSIVE handles dual domain testing challenges such as high 

: . performance A/D and D/A converters. It offers premium 
system One is a completely integrated audio frequency specifications and performance, but at no premium 
EEE-488 controlled testing subsystem. By combining all in price ; 

he necessary instruments into one package the System 

one provides greater testing speed with higher perform- System One is the modern, modular solution for your 
ance at lower cost than conventional Instruments. analog and digital domain audio frequency testing 
Optional DSP FASTTEST & FAST TRIG Capabilities rapidly needs. Our worldwide force of Audio Precision represent- 
est any channel, making over 60 measurements IN atives will be pleased to provide further information and 
ess than 2 seconds. Options such as input and output an onsite demonstration. 


switchers and the DSP-based FFT and digital domain 
modules make “one-stop” audio frequency testing 


— “il AUudiq. = 
ist precision 


P.O. Box 2209 

Beaverton, OR 97075-3070 
503/627-0832, 800/231-7350 
FAX: 503/641-8906 


TERNATIONAL DISTRIBUTORS: Australia: IRT Electronics Pty. Ltd., Tel: 2 439 3744 Austria: ELSINCO GmbH, Tel: (1) 815 04 00 Belgium: Trans European Music NV, Tel: 2 466 5010 Brazil: INTERWAVE 
DA., Tel: (21) 325-9221 Bulgaria: ELSINCO, h.e. Strelbishte, Tel: (2) 586131 Canada: GERRAUDIO Distribution, Tel: (416) 696-2779 China, Hong Kong: ACE (Int'l) Co. Ltd., Tel: 424-0387 Croatia: AVC Audio 
Jeo Consulting, Tel: (41) 624 622 Czech Republic: ELSINCO Praha spol. s r.o., Tel: (2) 49 66 89 Denmark: npn Elektronik aps, Tel: 86 57 15 11 Finland: Genelec OY, Tel: 77 13311 France: ETS 
sureur, Tel: (1) 45 83 66 41 Germany: RTW GmbH, Tel: 221 70913-0 Greece: KEM Electronics Ltd., Tel: 01-6478514/5 Hungary: ELSINCO KFT, Tel: (1) 269 18 50 India: HINDITRON Services PVT, 
|: 22 836-4560 Israel: Dan-El Technologies, Ltd., Tel: 3-6478770 Italy: Link Engineering s.r.I., Tel: 0521/648723 Japan: TOYO Corporation, Tel: 3 (5688) 6800 Korea: B&P International Co., Ltd., Tel: 2 546-1457; 
P (Kumi Office), Tel: 0546 53-7347/8 Malaysia: Test Measurement & Engineering Sdn. Bhd., Tel: 3 734 1017 Netherlands: Heynen b.v., Tel: 08851-96300 New Zealand: Audio & Video Wholesalers, 
|: 7 847-3414 Norway: Lydconsult, Tel: (47) 66-988333 Poland: ELSINCO Polska sp. z 0.0., Tel: (22) 39 69 79 Portugal: Acutron Electroacustica LDA, Tel: 1 9414087 / 9420862 Singapore: TME Systems Pte 
1, Tel: 747-7234 Slovakia: ELSINCO Bratislava spol. s r.o., Tel: (7) 784 165 South Africa: SOUNDFUSION Broadcast, Tel: 11 477-1315 Spain: Telco Electronics, S. A., Tel: 1531-7101 Sweden: Tal & Ton 
Pabst a as 80 36 20 Switzerland: Dr. W.A. Gunther AG, Tel: 1 910 41 41 Taiwan: R.O.C.: Cha Wei Electric Trading Co., Tel: 2-5612211 Thailand: Massworld Company Ltd., Tel: 662-294-4930 
ited Kingdom: urlby Thandar Instruments, Ltd., Tel: (0480) 412451 
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puts. The resistor pullups ensure that the tri-state interrupt 
line-drivers of IC, and IC, are inactive and can’t assert any 
interrupts. 

At this time, the interrupt driver can find a free interrupt 
line by checking the CPU’s interrupt-vector table. After find- 
ing an unused interrupt, the software activates the add-in 
board’s interrupt line by writing a logic 0 into its register. The 
system is active but not triggered. 

The software initializes the board’s I/O-port controller. 
The first chip-select of the I/O controller resets flip-flop IC,,. 


In turn, this action activates the output of the interrupt reg 
ister IC,. Now the controller’s interrupt requests can propa 
gate through the 74LS125 drivers to the CPU. Pushing rese 
deselects all interrupts on the board, and the system is clear 
again. 

This circuit works in both 8- and 16-bit IBM expansior 
slots. To use all available interrupts you need an IBM-AT, 2 
second register, and some more 74LS125 drivers. (DI #1614) 
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Oscillator keeps THD below 1 ppm 


JEFF SMITH, ANALOG DEVICES, WILMINGTON, MA 


The Wien-bridge sine-wave oscillator uses a light bulb to sta- 
bilize its amplitude. The circuit in Fig 1 doesn’t have a light 
bulb; it sports several enhancements that lower its distortion 
and generate a test signal pure enough for testing modern op 
amps and high-resolution A/D converters. 

IC, and associated components form the Wien-bridge and 
function as a bandpass filter. IC,’s output goes to the voltage- 
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NOTES: 

1. ALL ICs BYPASSED WITH 0.1-uF CERAMIC CAPS ON EACH SUPPLY. 
2. ALL ICs USE +15V SUPPLIES. 

3. ALL DIODES ARE 1N4148 

4. C, AND C, ARE POLYSTYRENE, OUTSIDE FOIL AS SHOWN. 

5. Cz THROUGH CG, ARE SILVER MICA. 

6. Ry IS A MULTITURN TRIMMING POTENIOMETER. 


controlled amplifier (VCA), IC,. IC, acts as a “smart resistor” 
whose value the circuit continuously adjusts via IC,. IC, adds 
the outputs of IC, and the VCA and feeds the result into the 
bridge. These two op-amp inverters eliminate any common- 
mode signal that might limit performance. 

The circuit’s AGC loop begins with diodes D, and D,. 
These diodes half-wave rectify the outputs of IC, and IC,. 


This Wien-bridge sine-wave oscillator sports several enhancements that lower its distortion and generate a test signal pure 
enough for testing modern op amps and high-resolution A/D converters. 
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SPDT switches with built-in driver 


ABSORPTIVE or 


REFLECTIVE dc to 5GHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive SPECIFICATIONS — absorptive SPDT Reflective SPDT 
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These outputs are 180° out of phase; so IC, sees a 
full-wave rectified signal through R, that is pro- 
portional to the output signal’s amplitude. 

Integrator IC, compares the average value of the 
rectified current to a constant current through R,. 
Any imbalance in these currents causes IC, to out- 
put a correction signal, changing the gain of VCA 
IC,. The VCA’s gain adjusts the oscillation’s 
amplitude until IC,’s input currents are equal. R, 
and C, further filter the correction signal to 
remove harmonic components that would mani- 
fest themselves as distortion at the circuit’s out- 
put. D, minimizes damage to C, and C, in the 
event of reverse polarization. 

The ac performance of C, and C, is critical to 
this design. I recommend polystyrene or 
polypropylene film types; and make sure you con- 
nect the outside plate as Fig 1 indicates. Mylar 
capacitors can degrade the circuit’s performance 
by 6 dB. C, and C, are peculiar to IC, and IC,. They 
eliminate distortion arising from V,,, nonlineari- 
ties in the op amps’ output stages. 

The large ratio of output signal to distortion and 
noise floor makes verifying the performance of 
this circuit with standard test equipment difficult. 
Therefore, I used the tunable, buffered-output, twin-T filter 
in Fig 2 to reduce the fundamental (1 kHz) in the output by 
70 dB. Spectral analysis of the filter’s output permits calcu- 
lation of THD. 

When properly tuned, the filter reduces the second and 
third harmonics by about 10 and 5 dB, respectively. Har- 
monic-distortion calculations must take this reduction into 
account. Harmonic-distortion calculations must factor in the 
gain of IC, (Fig 2). Be sure to use the same high-performance 
capacitors used for C, and C, in Fig 1 for C,, C,, and C, 
in Fig 2. 


NOTES: 

1. ALL VALUES ARE 1%. an 

2. BYPASS IC, WITH 0.1-uF CERAMIC CAPS ON EACH SUPPLY. 
3. Ry AND R, ARE MULTITURN TRIMMING POTENTIOMETERS. 
4.C,, C,, AND C, ARE POLYSTYRENE. 


Because the large ratio of output signal to distortion and noise floor 
makes verifying the performance of the circuit in Fig 1 difficult, you 
need this tunable, buffered-output, twin-T filter, which reduces the fun- 
damental (1 kHz) in the output by 70 GB. 
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INPUT FROM 
OSCILLATOR 


To tune the filter: 
e Adjust R, so that R, shorts to R,. 
@ Monitor TP3 on an oscilloscope and adjust R,, for a visu- 
ally undistorted sine wave. 
@ Using the filter, adjust R,, for a minimum second-har- 
monic distortion at TP3. 
Note: You may need to make small adjustments to R, for suc- 
cessful power up. (DI #1617) EDN 
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Digital pot corrects for system drift 


MARK RUTLEDGE, XICOR INC, MILPITAS, CA 


The circuit in Fig 1 looks simple but usually comes as a rev- 
elation to designers. Under control of the system’s pP, the 
digital potentiometer, IC,, becomes a variable set-point ref- 
erence that can adapt to the long-term drift of the variable 
measured. The digital potentiometer replaces schemes 
involving A/D and D/A converters (see “Autocalibrator nulls 
dc offsets,” EDN, June 9, 1994, pg 139, and “Infinite-hold cir- 
cuit zeros out long-term drift,” EDN, March 3, 1994, pg 90). 

Depending on how you configure IC,, its resolution will 
be 0.79, 0.53, or 0.40%. Cascading two devices yields 0.024% 
resolution. Internal EEPROM registers store the digital poten- 
tiometer’s “wiper” position, allowing the system wP to deter- 
mine the current set point, even after power outages. 
(DI #1615) EDN 
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Under control of the system’s uP, IC, becomes a variable set- 
point reference that can adapt to long-term drift of the vari- 
able. 
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FLASH Solutions 


Do you need a Solid-State D 

M-Systems has a complete, off-the-shelf solution: 
> 100% hard disk emulation - Bootable 

» ISA, PC-104 interface 

> Up to 32 MB uncompressed (up to 64 MB compressed) 
> No additional design required 

Now with more attractive prices 


1.4 M-Systems 

wummeen Flash Disk Pioneers 

The Netherlands 
Tel: 31-10-262-1144 
Fax: 31-10-462-4855 


Israel 
Tel: 972-3-647-7776 
Fax: 972-3-647-6668 


USA 
Tel: 408-654-5820 
Fax: 408-654-9107 
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OUR DC/DC CONVERTERS 
CIRCLE THE GLOBE. 


At Reliability, our commitment to worldwide 


manufacturing of zero-defect DC-DC 
converters assures our customers of receiving 
the highest quality products possible. 
Our products are available in 1 to 25 watts 
with efficiencies up to 90%. All our 
products carry a three year warranty. 


Contact us today for a copy of our catalog. 


a ope ® 
@ Reliability 
Quality is Reliability 
A Zero-Defects Company 


Call: 713.492.0550 Fax: 713.492.0615 
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Disassembler takes on 
8-bit Intel Ps and Cs 


K V RAMAKRISHNAN, DRDO, NPOL 

COCHIN, KERALA, INDIA 

The disassembler and documentation in the ZIPfile attached 
to EDN BBS /DI_SIG #1624 handles the object code for 
8048, 8051, 8080, and 8085 family processors. 
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wC routines clear up errors 


MIKA MAASPURO, KIRSTINMAKI 
Espoo, FINLAND 


The ZIPfile attached to EDN BBS /DIL SIG #1619 contains 
executable programs and source code for programs that allow 
you to program MC68HC11 microcontrollers via an RS-232C 
connection to your PC. The programs replace obsolete, error- 
laden programs published in an applications note. 
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Spice filters allow experimenting 
without designing actual circuits 


GEORGE ELLIis, KOLLMORGEN 
RADFORD, VA 


This ZIPfile attached to EDN BBS /DI_SIG #1620 contains 
some popular filters you can use with Spice models. Specified 
in terms of frequency and damping factor, the filter models 
allow you to experiment without having to design working 
filters. 
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C program simulates 
industrial temperature system 


JYOTI VANDANA, WORLD FRIENDS DESIGN GROUP 
KALPAKKAM, TAMILNADU, INDIA 


The program in the ZIPfile attached to EDN BBS /DI_SIG 
#1621, written in Borland C, simulates industrial-tempera- 
ture-data display and control. It displays four independent 
channels simultaneously. 
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Correction 


“Passive components cancel phase errors,” (EDN, June 9, 
1994, pg 147) contains errors. The symbol for the load should 
be r, not R. The label for the inductor in the left-bottom 
branch of the bridge should be L, not L,. The expression F,/2 
in the seventh line from the bottom of the first column of 
text should be f,/2. Finally, omit the + signs from the capac- 
itors; they are not electrolytics. 
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High Efficiency Power Sources for Pentium'™ Processors 


Design Note 90 
Craig Varga 


In many applications, particularly portable computers, the 
efficiency of power conversion is critical both from the 
Standpoint of battery life and thermal management. Desk- 
top machines may also benefit from higher efficiency, 
particularly a “green PC.” While linear regulators can offer 
low cost and high performance solutions, they can only 
offer 67% efficiency in 5V to 3.3V applications. Switching 
regulators are more efficient and minimize or even elimi- 
nate the need for heat sinks at a higher cost for the 
components. Efficiencies around 90% are routinely ob- 
tained with Linear Technology’s best regulator designs 
(see Figure 2). The LTC 1148 based circuit (Figure 1) meets 
- the requirements of the P54-VR specification for output 
voltage transient response with the indicated decoupling 
network. 


Selection of Input Source 


Several options exist as to where to derive raw power for 
the regulator input. In most desktop systems a large 
amount of 5V power is available. Also, there is usually a 
reasonable source of 12V at hand. The 5V supply will most 
likely have the highest power output capability since it is 
called upon to power the bulk of the system logic. This logic 
can be sensitive to voltage changes outside of +5%. 


When the processor draws large transient currents, the 5V 
Supply will be perturbed. In all “buck” type switching 
regulators there is an inductor in the path between the raw 
input supply and the load. This has the effect of limiting the 
rise time of the input currents and minimizing the distur- 
bance to the 5V supply. However, the typical cheap off-line 
“brick” supply has terrible transient response, and the 5V 
4I and LTC are registered trademarks and LT is a trademark of 


Linear Technology Corporation. 
Pentium is a trademark of Intel Corporation. 
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Figure 2. Efficiency vs Load 
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Supply may still be disturbed enough to cause logic prob- 
lems. This is especially true as the load currents rise to the 
levels expected in multiprocessor systems. 


If this is the case, using the 12V supply may prove advan- 
tageous. Since the 12V supply is not directly regulated, 
nothing that is terribly sensitive to voltage level is normally 
powered off the 12V bus. Moreover, with switching regu- 
lators, as a first order approximation, as the supply voltage 
rises the input current drops. As such, even though the 
input power is nominally the same whether running from a 
5V or 12V supply, the current requirement is much lower 
if 12V is utilized for the input source. 


The downside of 12V operation is lower light load efficiency 
than 5V operation. The efficiency with a 5V input powering 
a 3.3V switcher is likely to be several percentage points 
better than at 12V due to a reduction in switching losses. 
Every situation is somewhat different and a thorough 
analysis of the trade-offs must be undertaken to optimize 
the design. The schematic shown in Figure 1 offers the 
option to run from several supply choices. Each circuit was 
optimized for the specified input voltage, but will function 
well over a fairly wide range of supply voltages. 


Transient Response Considerations 


As with a linear regulator, the first several microseconds of 
a transient are out of the hands of the regulator and 
dropped squarely in the lap of the decoupling capacitor 
network. In the case of the switcher, the ultimate response 
of the regulator will be quite slow compared to a linear 
regulator. In the circuits shown, the approximate time 
required to ramp the regulator current to equal the high 
load condition is 11s, about 2.4 time that of an LT1585 
high speed linear regulator in the same application. This 
means in layman’s terms, that the LT1585 linear regulator 
requires less bulk capacitance than the LTC1148 switcher 
solution. 


Circuit Operation 


Figure 1 is aschematic of the two regulators. For the 12V 
input, omit QP2 and C4. The design is a standard synchro- 
nous buck regulator that is discussed in detail in several 
Linear Technology Application Notes as well as the 
LTC1148 data sheet. Since the required output voltage is 
not the standard 3.3V, which is available factory set, an 
adjustable regulator is used. R5 and R6 set the output 
voltage to the desired level, in this case 3.38V. R7 is used 
to inhibit Burst Mode™ operation at light loads. If the 
system were permitted to operate in Burst Mode, the 


Burst Mode is a trademark of Linear Technology 


output voltage would rise by about 50mV at low load 
currents. If added low load efficiency is desired and the 
Slightly higher low load output voltage can be tolerated, 
this resistor can be omitted. 


To meet the transient requirements of the P54-VR, a fairly 
large amount of capacitance is needed beyond what is 
required to make the regulator function correctly. A viable 
decoupling scheme is to use 10 each, 1uF surface mount 
ceramics and 7 each, 220uF, 10V surface mount tantalums 
at the processor socket. In addition to the socket decou- 
pling, two pieces of a330uF, 6.3V surface mounttantalums 
are required at the power supply. 


The input capacitors were selected for their ability to handle 
the input ripple current. At a 5A load current this is a little 
over 4A with a 5V input and 2.6A for a 12V input. The 
capacitors are rated at slightly over 1A each at 85°C. If the 
input can be switched on very rapidly, the input capacitor 
voltage rating should be at least two times the supply 
voltage to prevent d\V/dt failures. 


By running the operating frequency at 150kHz, the small 
inductor used is sufficient. Also, since the design is syn- 
chronous, the ripple current may be permitted to get quite 
high without causing any problems for the regulator con- 
trol loop. This would not be true in a non-synchronous 
design. A major advantage of high ripple current is the 
regulator's ability to ramp output current rapidly. The rate 
of rise of output current is directly proportional to input/ 
output differential and inversely proportional to the induc- 
tor value. Using a small inductor aids in achieving fast 
response to transients. 


OV Input, 0.2A to 4A Load Step 


OUTPUT 
VOLTAGE 
90mV/DIV 


LOAD FET 
GATE DRIVE 


DN90 * F03 


100us/DIV 


For literature on our Switching Regulators, 
call 1-800-4-LINEAR. For applications help, 
call (408) 432-1900, Ext. 361 


Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 
(408) 432-1900 © FAX: (408) 434-0507 © TELEX: 499-3977 


LT/GP 1194 190K * PRINTED IN THE USA 


TECHNOLOGY 
© LINEAR TECHNOLOGY CORPORATION 1994 


Multilayer Ceramic Chip 
Capacitors, CC0402 Series 


A compact CC0402 size, 
featuring large capacitance 
extending to 33,000 pF. 


CAPACITANCE RANGE: 0.5 to 
. 33,000 pF. 
DIMENSIONS: 1.0x0.5mm 
{.039x.020”). 


TDK CHIP COMPONENT STARS ARE 


WAITING TO BE DISCOVERED. 


_ a 
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OO 
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TDK supplies a wide range of high-performance SMD components, 
including those for general use, cordless/cellular phone and EMI-Sup- 
pression, plus those designed to respond to numerous advanced user 
applications. Our products include multilayer ceramic chip capacitors, 
multilayer chip inductors, multilayer chip EMI filters, voltage controlled 
oscillators (VCO) and many other, all developed from our own materials. 
Above, we introduce some of our outstanding new products. 


Call or write TDK today for a free SMT catalog. whey 
TDK CORPORATION OF AMERICA 1600 Feehanville Drive, Mount Prospect, IL 60056, USA Phone: 708-803-6100 INDIANAPOLIS Phone: 317-872-0370 NEW 


YORK Phone: 908-494-0100 SAN JOSE Phone: 408-437-9585 LOS ANGELES Phone: 310-539-6631 DETROIT Phone: 313-462-1210 BOSTON Phone: | 
508-624-4262 HUNTSVILLE Phone: 205-464-0222 GREENSBORO Phone: 910-292-0012 DALLAS Phone: 214-506-9800 . Se 


GERMANY: FRANCE - ITALY U.K.» KOREA+ TAIWAN - HONG KONG: SINGAPORE : THAILAND > CHINA: BRAZIL TDK CORPORATION Tokyo, Japan 
| CIRCLE NO. 207 EDN November 10, 1994 ® 101 


nte 


Cone 


F 
= 
© 
w 
g 
= 
wy 


102 = EDN November 10, 1994 


he 3V era. 


New 0.5-micron, Cell-Based ASICs 
run 50% faster, consume 70% less power. 


ystems on silicon have reached a higher level of 
S performance and a lower level of power consumption with 
the introduction of NEC’s 0.5-micron, Cell-Based ASICs. 
Optimized for true 3V operation, our CB-C8 family offers 
exciting new possibilities for designers of telecom, personal 
computer and consumer systems. 

CB-C8 ASICs give you a loaded speed of 220 picoseconds; 
power dissipation of only 0.8uW/MHz/cell and high integration 
of up to 600,000 gates. Compared to our previous generation of 
().8-micron ASICs, the new family offers a 50% boost in speed 
and a 70% drop in power consumption. + F/0=2, L=2mm, power gate 

Since speed to market counts almost as much as internal 
system speed, we offer a comprehensive cell library to facilitate 


your development of 3V systems on silicon. Macros include: 


[IV30MX CPU (33MHz, 8086-compatible) 
[JPLL, GTL, PCI* and RAMBUS™ 
LJA/D and D/A converters* * under development 


Our OpenCAD® Design System also helps to shorten the 
development cycle. A unified front-to-back-end design package, 
OpenCAD allows you to mix and match our tools with those of 
the industry's most popular vendors. 

Fast enough to match speeds with the industry’s foremost 
microprocessors, yet featuring exceptionally low power 
dissipation, our CB-C8 ASICs offer a no-compromise solution 
to your design needs. For more information on how the CB-C8 
family can improve performance for your cellular phone, 
personal digital assistant, multimedia platform, graphics system, 
PC or workstation, call NEC today. 


All registered trademarks are property of their respective holders. 
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For fast answers, call us at: USA Tel:1-800-366-9782. Fax:1-800-729-9288. 
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Revolutionizing an industry happens 
once in a lifetime. Okay, maybe twice. 


hen the world asked for color, 

Canon responded with the 
revolutionary Color Laser Copier. 
Now Canonis answering today’s color 
needs with a visionary new generation 
of color solutions, the Canon Color 
Laser Copier 800 and 700. 

This new breed of copiers pro- 
duces images so sharp, so vivid, they’re 
virtually indistinguishable from the 
original. And Canon’s new copiers are 
highly productive, too. 

They make a swift seven full- 
color copies per minute on a variety of 
materials including card stock. 


©1994 Canon U.S.A., Inc. 


Auto-feed OHP transparencies effi- 
ciently by cassette. Make multi-page 
documents effortlessly with the 
optional Recirculating Document 
Feeder and Sorter. And the Color Laser 
Copier 800 is the first color copier 
ever to offer Auto Duplexing for auto- 
matic two-sided copies. 

You can also transform these new 
color copiers into ultrafast, full-color, 
plain paper printers with optional 
print controllers and Intelligent 
Processing Units (IPUs), so you can 
make brilliant color output directly 
from your computer or network. 
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COLOR LASER COPIER.G00 


For a free Color Solutions Guide 
that will tell you more about the new 
Canon Color Laser Copier 800 and 
700, as well as the rest of our color 
copier line, call 1-800-OK-CANON. 
When the rest say you can’t, Canon 
says you can. 


Combine software tools 
to devise your own FPGA- 
verification environment 


LEO E 


Many characteristics of FPGAs 
(field-programmable__ gate 
arrays) make preprototype 
design verification necessary. 
FPGA designs frequently con- 
tain buried states that you 
cannot probe in a prototype. 
Modification to FPGA’s de- 
signs can prove costly. Place- 
and-route software that runs 
for some FPGAs can require as 
long as a day to complete. So, 
even for reprogrammable FPGAs, preprototype design verifi- 
cation can save development time. 

To raise your level of confidence in the buried logic in an 
FPGA’s design, you can simulate the design to verify it before 
ever fabricating pc boards. Here’s how: You must first build a 
programmatic environment around your design. You then 
exercise your design by forcing all of its state sequences and 
generating as many asynchronous stimuli for the design as 
possible. Design verification can 
increase your chances of having a func- 
tional device when you initially install 
it in a prototype. 


Development environment 

Fig 1 shows the FPGA development 
environment best suited to the kind of 
design verification described in this 
article. You code most of your design 
environment in an HDL (hardware- 
description language) to keep your 
development time short and produce 
maintainable source code. Because of 
space and performance requirements, 
you draw gate-level schematics wherev- 
er necessary. 

Both design methods produce 


seam =the software listings in this article are 
_ available on EDN’s computer bulletin- 
_ board system (BBS). Phone (617) 558- 
| 4241withmodem - settings 300/ 
1200/2400 8,N,1. After signing on,enter 
“ss/freeware”. Then enter “rkms839”. 


Armed with working knowledge of a model- 
ing language such as VHDL and a simulator, 
you can verify an FPGA's design and reduce 
prototype-debugging time. This article dis- 
cusses verifying FPGA designs and provides 
concrete examples demonstrating this 
practical, low-cost approach. 


netlists. You merge the result- 
ing netlists and “back-anno- 
tate” them using tools from 
the FPGA vendor. A simple 
reformatting utility then con- 
verts the back-annotated, 
merged netlist into a flat, 
structural HDL model that is 
ready for simulation. You can 
use reformatting utilities to 
perform this last conversion. 
The reformatting is not likely 
to insert undetectable errors. 

The last step combines your design’s model with a set of 
HDL models of your design’s operational environment and 
gates from a library for the gates invoked in your FPGA’s 
netlist. The resulting total model allows you to simulate and 
iterate your design. This collection of models, in conjunction 
with the accompanying scripts and conversion programs, 
constitute the design-verification environment. 


SYNTHESIZE 


MERGE, FLATTEN, 
BACK ANNOTATE 


TRANSLATE 


oy a 


COMBINE 


SIMULATE, MODIFY COMBINE 


This FPGA development environment suits design verification. Most of the design 
environment is in an HDL; where necessary, you draw gate-level schematics. 
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You could use a gate-level simulator for design verification, 
but you generally do not have the option of coding an HDL 
design environment with a gate-level simulator. An HDL- 
based environment has a significant advantage over a gate- 
level environment. Gate-level simulators efficiently emulate 
networks of gates, but they can’t run actual program code to 
generate complex signal-transition sequences. Typically, you 
must enter long sequences of test vectors to exercise a design. 
If a gate-level simulator offers any programmatic facility to 
aid in generating vectors, the programmic facility is usually 
very limited. The HDL-based environment permits you to 
avoid the tedious job of generating vectors. 


Design preparation 

To make your design simulatable under an HDL simulator, 
you must first convert your design from the FPGA vendor’s 
netlist format into the HDL. HDLs can simulate designs only 
in a certain format. After back-annotation, your FPGA design 
may be in the form of a netlist file, such as EDIF (Electronic 
Design Interchange Format) or a vendor-specific format. 
Luckily, these formats translate simply and directly into 
structural HDL. 

Structural HDL specifies logic at the lowest level and, in 
many cases, invokes the raw FPGA macros. Structural HDL is 
the equivalent of a schematic in text form, whereas behav- 
ioral HDL specifies a design’s operation by a computer-pro- 
gram segment. These behavioral program segments are usu- 
ally more versatile, understandable, and maintainable than 
structural code. 

Now that you have back-annotated your FPGA’s netlist 
with timing information, you are ready to convert the netlist 
into the HDL’s format. You perform this conversion using 
standard text-formatting utilities such as the Unix stream 
editors awk and sed (Ref 1) and GNU’s more capable perl (Ref 
2) along with an ASCII file-sorting utility. Learning how to 
program these utilites should take you no more than a day 
or two. If you work on a PC, you might want to exploit a word 
processor that offers a powerful macro language for this 
ASCII file conversion. But, I have never seen a text editor that 


LISTING 1—COMBINATORIAL MODEL AND 
MAPPING EXAMPLE 


library ieee; 
use ieee.std_logic 1164.all1; 


entity aol is 


port (signal a, b, c : 


in std_logic; signal y 
end aol; 


: out std_logic); 


architecture structural of aol is begin 
y <= (to_x01(a) and to_x01(b)) or to x01(c); 
end structural; ~ 


(a) 
MM4983 : aol 
port map( 
A => DS_8273’DELAYED(12.4 ns), 
OCTL_0 CCLRPEND’DELAYED(9.1 ns), 
OMS BPWRITE’ DELAYED (11.4 ns) 
OCTL_0_116 


/ 


exhibits the flexibility and utility of perl. (PC versions of 
these programs are available.) This conversion job is straight- 
forward because of the strict one-to-one mapping from gates 
and associated delays in the FPGA vendor’s netlist format to 
gates and delays in the HDL. 

Keeping this part of the method automated is important. 
If you do not let your computer do the work of reformatting 
netlists and other EDA tools’ outputs, each recompilation of 
your design will require you to manually convert the FPGA’s 
netlist into an HDL bus using a text editor. 

You must also obtain a library for the gates your design 
uses. Some FPGA vendors may sell libraries for timing simu- 
lation of their parts in HDL source form. If not, writing mod- 
els for a simulation library is not difficult. Combinatorial 
gates typically use a simple, per-input propagation-delay 
model. In such models, each input to the gate has a delay 
associated with it. The specified delay is the sum of the wire 
delay from the output driving the input and the delay from 
the input to the modeled gate output. Specifying such gates 
parametrically is trivial in an HDL gate model. Latches and 
flip-flops are more complex because of their requirement for 
checking input timing such as setup and hold times. But, you 
can also write latch and flip-flop modes with relative ease. 

Fig 2a shows one FPGA design well-suited to verification 


DESIGN VERIFICATION IS NOT THE SAME AS TESTING 


Do not confuse this article’s design veri- 
fication with the action of a thorough set 
of test vectors. Test vectors toggle and 
observe all nodes in a chip to ensure that 
the chip itself is intact, but test vectors 
do not pay particular attention to the 
actual function of your design. Design 
verification, on the other hand, simply 
attempts to ensure that your design is 
correct for the application. Design verifi- 
cation ignores such testing obstacles as 
duplicated structures that operate cor- 
rectly even if only one instance of the 
structure is correct. 

For example, a set of thorough test 
vectors would pass ones and zeros 
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through each section of a 16-bit, 2-to-1 
multiplexer. But, a design verification 
examines only a convenient subset of 
the multiplexer’s functions, relying upon 
synthesis tools or macro definitions to 
ensure that untested portions of the 
multiplexer are correct. If a certain hexa- 
decimal number goes into an input of 
the multiplexer and appears at the out- 
put, one side of the multiplexer’s design 
is verified. 

Test vectors are necessary for masked 
gate arrays to eliminate the cost of pack- 
aging chips that may be identified as 
nonfunctional at the wafer-probe stage. 
But, FPGAs do not necessarily need such 


a set of test vectors. RAM-based FPGAs 
are completely tested at the factory and 
don’t need additional testing. Makers 
test hard-wired FPGAs at their factories, 
and this testing provides a higher confi- 
dence level than with masked gate 
arrays. 

Even in the case of hard-wired FPGAs, 
test vectors are not a necessity for every 
design, as long as in-system diagnostics 
and operational testing exercise the 
parts thoroughly. And, given the cost 
per gate of FPGA logic, inclusion of scan- 
path logic for testability is an option that 
many designers are not willing to con- 
sider. 


DESIGN FEATURE 


using this article’s techniques. The design is a display-list- 
based video-monitor controller. The FPGA formats display- 
list data from list memory and transfers the information to 
the serializer. The serializer then sends the data to the video 
monitor. The FPGA also arbitrates the microprocessor’s 
access to the list memory. 

To adapt this design to a design-verification environment, 
you must convert the netlist for the FPGA into the HDL and en 
write models to emulate each of the system elements sur- pre aoe gd arieei ten e 
rounding the FPGA. 

For the most part, these surrounding models are probably 
behavioral models. Behavioral models respond to input-sig- 
nal transitions by executing a computer-program fragment 


LISTING 2—FLIP-FLOP MODEL AND 
MAPPING EXAMPLE 


library ieee; 
use ieee.std_logic_1164.all1; 


entity dfcl is 
generic ( 
constant tHASYNC, tHD, tPWASYNC, tPWCLK, tRECASYNC, tSUD 
: in time := 0 ns 


in std_logic; 
inout std_logic := ‘W’ 


i 
end dfcl; 


architecture sequential of dfcl is 
begin 
process (d,clk,clr,q) 
variable firsttime : boolean := true; 


begin 


: ; . if (firsttime and q’EVENT and (q = ‘0’ or q = ‘'1’)) then 
each time an input of interest changes. These program frag- ot es = Reese eee 


-- prevent unknown flood 


:= false; 


end process; 
end sequential; 


MM4984 : dfl1 
generic map ( 
tHD => Ons, 
tPWCLK => 7.9 ns, 
tSUD => 0.7 ns 


assert now-d’LAST EVENT >= tSUD 
tures, and print messages. | 

if (to_x01(d) = ’X’) then 

q <= to_x01(d); 

too complex to implement with a structural model. This pro- snake. 

severity ERROR; 
examine. Probably, the most valuable aspect of using behav- 
ination of ones and zeros. Instead, the model formats the 

port map 
Fig 2b shows the modeled equivalent of the system. The 
Q => SPCHTXCO 

tialization but otherwise behaves like a static RAM. 
mation to a sequence of raster files. You can physically out- 


raster files visually. Viewing the raster files is a powerful ver- 
ification tool that provides a level of confidence that you 
could never achieve by simply examining signal traces in the 


ments can do just about anything a normal application pro- re 
report ("DFF d setup violation") 
If you carefully apply this sequential, programlike behav- q <= ‘0° 
end if; 
gramlike behavior can also provide high-level indications of aren ee oe ieee 
ioral models for design verification is that you do not have to 
information into its most recognizable form for quick, high- 
CLK => CLOCKI’DELAYED (14.5 ns), 

microprocessor model performs reads and writes specified in 

The video-monitor model performs serial-to-parallel con- 
put the raster files later to a graphics screen and verify the simulator. For instance, if an arbiter bug in the FPGA were 


gram can: read and write files, maintain internal data struc- oy AT eect aouad' (ae? BENT: ow 
severity ERROR; 

else 
ior, you can expeditiously emulate behavior that would be 

firsttime 

report ("DFF d hold violation") 
a design’s functions that a human can easily understand and 
verify a circuit’s functions via tedious and error-prone exam- (a) 
confidence examination. ) 

D => OCTL_0 SPCHTXC_D’DELAYED(7.7 ns), 
an access file. The list memory reads in its contents upon ini- 
versions of data from the serializer and outputs the infor- 
FIGURE 2 


MICROPROCESSOR 
ACCESS 
FILE 


RASTER 
FILES 


INITIALIZATION 
FILE 
(b) 


The design in (a) is a display-list-based video-monitor controller. Its FPGA formats display-list data from list memory and trans- 
fers it to the serializer, which sends the data to the video monitor. The FPGA also arbitrates the microprocessor’s access to 
the list memory; (b) is the modeled equivalent of the system in (a). The microprocessor model performs reads and writes 
specified in an access file. 
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causing the microprocessor’s accesses to corrupt the output 
to the monitor, the problem would be immediately apparent 
in the raster output. 

High-level verification of this sort is not limited to this 
design. The general principle applies to many types of 
designs. A word of caution: This technique is not a substitute 
for a conscientious examination of the entire simulation out- 
put. Each design has its own set of subtle failure modes and 
bugs that requires your close attention. High-level verifica- 
tion remains a crucial tool, but not the total solution. 


Model implementation 

The remaining portion of this article details actual HDL 
examples of typical models. The code is in VHDL (Refs 3 and 
4), although the general principles should apply other HDLs 
as well. The VHDL value system used is the IEEE standard 
std_logic_1164 package. The term “value system” refers to a 
set of possible logic values that a signal may carry: “X” for 
unknown, “1,” “0,” and many others. The VHDL references 
clarify the exact use of these values. 

Perhaps the simplest HDL models to write are models for 
combinatorial gates in your FPGA’s library. In Listing 1a, 


the model for an AND/OR gate uses a simple, concurrent sig- 
nal assignment to model the gate. The architecture section 
specifies the logical relationship between the inputs a,b,c, 
and the output y. The function to_x01() converts the nine- 
valued std_logic signals into the simple “x,” “0,” and “1” val- 
ues suitable for use by the signal assignment. 

Listing 1b shows an actual invocation of Listing 1la’s gate 
in the converted FPGA netlist. The numbers in the DELAYED 
clauses come directly from the back-annotated wire delays. 
The port map statement associates each of the pins of the 
model (a,b,c, and y) with an actual signal. For each of the 
inputs, the port map statement also specifies the delay from 
the driving pin on the signal to the associated input. The 
term for these delays is “wire delays.” The back-annotation 
program inserts these wire delays into FPGA netlists. In front 
of the invocation, MM4983 is a slightly modified form of the 
label for the gate as it appeared in the original FPGA netlist. 


Flip-flop model 

The FPGA-simulation library (and possibly the models in 
the environment) may need another model, such as a flip- 
flop or latch. Listing 2a shows a basic flip-flop model from 


LISTING 3—IVIICROPROCESSOR MODEL 


library ieee; 

use ieee.std_logic_1164.all; 
use std.textio.all; 

use work.io utils.all; 


entity mp is 
port ( 
clock : in std_logic; clock for 
delays 
: inout std_logic_vector(7 downto 0) ; 
: inout std_logic_vector(14 downto 0); 
: inout std_logic := ‘1’; 


uP data 
uP address 
slave chip 
select 

: inout std_logic := ‘1’; uP write 
strobe 

: inout std_logic := ‘1’; uP output 
strobe 

: in std_logic acknowledge 
pulse 


end; 
architecture sequential of mp i 
-- Timings 
constant tARSU : time : 
constant tSTB_: time : 


delay 
constant tRDSU : time := 


address 
strobe deassertion 


read data setup to 
ack 


constant tBTO : time : 
constant tTOCL : time : 


bus timeout 
bus timeout clear 


procedure ackwait is begin 
wait on ack for tBTO; 
if not rising _edge(ack) then 
assert false 
report "uP timeout waiting for ack" 
severity error; 
end if; 
end ackwait; 


begin 
process 
file f : text is in "mp.dat"; 
variable 1 : line; 
variable 11 : line;- 


bus cycler 


input record 
output print 
record 
variable ck : integer := 0; 
variable addr, data : integer; 


clock specifier 
numeric command 
fields 
variable rw : character; 
variable currentclock : 


read/write select 
integer := 0; -- clock cycle 
counter 
variable tmp : std_logic_vector(31 downto 0); -- VHDL 
begin 
readline (f,1) ; 
while not (endfile(f)) loop 


while 1’LENGTH /= 0 and 1(1) 
comments 
readline(f,1); 
end loop; 


if 1’LENGTH /= 0 then -- skip blank 
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-- Get fields 
-- Format: <clock number> r|w <address> [<data>] 


read(l1,ck) ; 

read(1l,rw) ; 

read(l,addr,16) ; 

if rw = ‘w’ then 
read(1,data,16) ; 

end if; 


-- Wait for the specified clock cycle 


while (currentclock < ck) loop 
wait on clock; 
if (clock = ‘1’) then 
currentclock := currentclock+1; 
end if; 
end loop; 
-- Execute the bus cycle 
tmp := to x01 (addr) ; -- drive address 
ma <= tmp(14 downto 0); 
cSN <= ‘0’; 
if rw = ‘r’ then 
md <= "ZZZZZZ2ZZ"; 
wait for tARSU; 
radN <= ‘0’; 
ackwait; 
if not rising_edge(ack) then -- timeout 


-- chip select 
-- read cycle 


recovery 

rdN <= ‘1’; 

CSN <= ‘1’; 

wait for tTOCL; 
end if; 
assert md’LAST EVENT >= tRDSU 

report "MP data to ack setup 
violation" 
severity error; 

data := to_int (md) ; -- print read data 
write(l1,string’ ("Memory read "))j; 
write (11,addr,right,4,hex, false) ; 
write(l1,string’ (" returns ")); 
write (11,data,right,2,hex,false) ; 
writeline (output,11) ; 
rw = ‘w’ then 
tmp := to_x01 (data) ; 
md <= tmp(7 downto 0); 
wait for tARSU; 
wrN <= ‘0’; 
ackwait; 
if not rising edge(ack) then -- timeout 


-- write cycle 


recovery 
WEN <= "1’>; 
cSN <= ‘1’; 
wait for tTOCL; 
end if; 
end if; 
wait for tSTB; 
wrN <= ‘1’; 
raqdN <= ‘1’; 
csN <= ‘1’; 
wait on ack; -- 
end if; 
readline (f,1); -- 
end loop; 
wait until false; 
end process; 
end sequential; 


deassertion 
next record 


- hang when done 


SPU) FROM DIGITAL 


OUR NEW 

PCI ETHERNET 

CHIP PUMPS BITS 
Fee LIKE YOUR LIFE 
ee DEPENDED ON IT. 


When throughput is critical, hook up to our 
new 21040 PCI Ethernet controller chip and 


let the data flow. With our full 32-bit implementation, 


you'll get pure, unadulterated power. No 16-bit 


baggage. No bottlenecks. No compromises. And you'll 


get CPU utilization as low as 12%—low enough to 
support multiple Ethernet connections on a single 
NIC. This chip is fast. It’s efficient. It’s downright 


~ heroic. And it’s just the beginning of a steady stream of 


THROUGHPUT 


PCI chips coming from Digital Semiconductor, the 


ies aan, leader in PCI technology. Call us for more information. 
=', : And hurry. The design you save may be your own. 


CALL 1-800-332-2717 EXT.17 


™ 
© Digital Equipment Corporation, 1994. Digital, the DIGITAL Logo and DEC chip 
are trademarks of Digital Equipment Corporation. EtherLink III is a trademark of 
3Com Corporation. 
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which you can build other variants. You can model variants 
with differences, such as complemented clock inputs or miss- 
ing clear signals, simply by including the basic model inside 
the variant model and complementing the clock input or 
tying the basic model’s clear signal inactive. 

You must determine exactly how many timing-parameter 
checks make sense for your application. For example, many 
single-clock synchronous designs have a synchronized glob- 
al reset connected to their flip-flops’ asynchronous-reset 
inputs. These designs use this reset line only once upon 
power-up. In these cases, the flip-flop model needs to check 
only the setup time between data and clock. The model can 
probably safely ignore parameters such as clock pulse width 
and reset recovery time. This limited checking can simplify 
the model. The model in Listing 2a checks only setup and 
hold times. If a setup or hold time is violated, the model 
prints a violation message to the simulator’s screen. 

Another important issue is reset behavior. Some FPGAs 
require that you explicitly route an asynchronous reset sig- 
nal to each flip-flop that needs to be reset. For those devices, 
you can Save resources by resetting only flip-flops that need 
resetting and permitting other flip-flops to decay to a quies- 
cent state after some number of clock cycles has elapsed. 

In designs of this type, the time required to reach the qui- 
escent state may be too long to simulate. You need some 
mechanism that allows the simulation to leave the reset crit- 
ical flip-flops in an initial unknown state at the beginning of 
the simulation and initializes the noncritical flip-flops to 
avoid having to wait for them to settle to their quiescent 
state. 

The model in Listing 2a declares its g output as an inout, 
meaning that changes of state due to external forcing of the 
output by the simulator are visible to the model. The initial 
state of the g output is “W”, or a weak unknown, that will 
drive an unknown state if such driving is important to the 
simulation. If such driving is not important, you force the 
flip-flop’s g output to the desired state at the beginning of the 
simulation script, and the if statement at the beginning of 
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the model detects the force and accepts whatever state you 
have forced for the driven q state. 

The model also propagates a zero if an “X” or unknown is 
clocked into it. This action prevents an unknown flip-flop 
state from propagating to other flip-flops in your design and 
then consuming an inordinate number of clock cycles for the 
unknown states to decay away. Such behavior provides little 
value in design verification, and this tradeoff can save much 
simulation time with little loss of fault coverage. 

Listing 2b shows an invocation of the flip-flop, using the 


LISTING 4—SELF-SCHEDULING RAM MODEL 


entity ram is 
port ( 
d : inout std_logic_vector(15 downto 0) ; 
a : in std_logic vector(14 downto 0); 
ceN : in std _ logic; 


-- address 
-- chip enable 


end; 


architecture sequential of ram is 

signal s : boolean; 

request : 
type memory is array (0 to 32768) of integer; 
variable ramdat memory; 


-- self schedule 


process (a,d,ceN s‘ TRANSACTION) 
variable ce : 
variable tmp : 
begin 
if a’EVENT then 


-- sensitivity list 
; - ce logical value 
std_logic_ vector (31 downto 0); 


-- address line 
changes 
s <= ‘1’ after tACc; 
end if; 
if ceN’ EVENT then -- chip select 
changes 
s <= ‘1’ after tCo; 
end if; 


ce := not to_x01(ceN) ; 
-- valid read access 


if not a’EVENT and now-a’LAST EVENT >= tACC and 
not ceN’EVENT and now-ce’LAST_ EVENT >= tCO and ce = ‘1’ 
then 
if not is_x(a) then 
tmp := to _x01(ramdat (to _int(a))); 
dad <= tmp(15 downto 0); 
else 
ad <= "XXXXXXXXXXXXXXXX"; 
end if; 
end if; 
end process; 
end sequential; 


THE SIMULATION-VS-PROTOTYPING TRADEOFF 


The first revision of an FPGA rsuially a 

has bugs in it, even after simulation. Ten _ 
seconds of real time in a functional sys- _ 
tem can easily be worth days of simula- _ 


tion time. Bugs that show up only in the 
real world don’t mean that design veri- 
fication is pointless, though. Simulating 
a design up to some judiciously chosen 
point can uncover bugs that would take 
longer to find in an actual prototype. 
You must base your choice of much 
verification to do with a simulator and 
how much to leave to actual hardware 
debugging on an analysis of the cost in 
verification time vs the benefit in debug- 
ging time. Design verification should 
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For example, interfaces 
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straightforward. Compared to large 


blocks of custom control having com-_ 
plex state sequences, memory interfaces 


need little attention. 
The law of diminishing ret 

to design verification. If a sin 

makes your design’s most basic 


quent operations visible, you Can con: | 


er ge. increases, each successive 
-rement requires more effort and sim- 
ation time. Soon, you reach the point 
where leaving the last amount of cover- 
age to actual operational test and diag- 

nostic software is more economical. - 
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VHDL DELAYED construct for signal-wire delays. The VHDL 
GENERIC clause passes back-annotated timing parameters 
for the flip-flop into the model. 

Proving that this flip-flop model does not behave exactly 
like an actual circuit is easy. The model trades robust behav- 
ior for shorter development time. Although less robust, the 
model remains quite usable for design verification. A useful 
model does not need to be precise in every detail. You can 
save a significant amount of time if you identify just how 
complex a model’s behavior must be for your application and 
then implement only to that level. 


Microprocessor model 

Frequently, design verification requires a microprocessor 
model that exercises a slave device and accesses the device 
using varying timing, addresses, and data patterns. Listing 
3 shows a model for a microprocessor that reads access com- 
mands sequentially from a command file, mp.dat. Each com- 
mand line of the command file contains a read or write indi- 
cator, an address, and optional data. For legibility and 
documentation’s sake, the model permits blank lines and 
comments beginning with “#.” The results of each read also 
get printed to the simulation console. 

At the top of Listing 3 are specifications for all of the tim- 
ings for the model in symbolic form. You could code these 
times directly into the listing where they are used, but the 
result is not as readable, and changes to the timings are more 
difficult to make. In general, using this kind of symbolic 
abstraction to improve the readability and maintainability of 
a model is a good idea. 

At the beginning of each command line that the model 
reads from the command file is a clock-cycle number. The 
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model uses these numbers to time accesses. The model 
counts clock cycles and, when the requested clock cycle 
occurs, performs the specified access. Accesses wait for an 
acknowledge on the ack signal, timing out if no response 
occurs. 

This microprocessor model demonstrates the power of 
behavioral models for design verification. A sequential pro- 
gram simulates the behavior of the microprocessor. Writing 
a state-machine implementation of the microprocessor 
model is much more difficult to do than writing the behav- 
ioral model in Listing 3. 


RAM models 

Often, simulations need RAM. The complex timing behav- 
ior of RAMs makes a robust RAM model a valuable tool in 
timing simulation. Proper RAM operation involves meeting 
numerous setup-and-hold specifications that make a typical 
RAM model fairly large. A usable static-RAM model that per- 
forms timing-violation checks can be 300 lines or more in 
length. 

Although reproducing a RAM model in its entirety is 
beyond the scope of this article, there are some important 
points about RAM-model coding to consider. First, you can 
save simulation time if the model initializes itself from a data 
file upon simulation start-up and uses file I/O similar to the 
microprocessor model’s. 

Second, simulators usually incorporate a sensitivity-list 
mechanism that tells the simulator explicity which signals 
cause execution of a model when they change. In the case of 
the AND/OR gate in Listing la, the model executes each 
time one of its inputs, a, b, or c, changes. 

Using specialized model scheduling can produce a mini- 


COMMERCIAL MODELS EXHIBIT GOOD POINTS, BAD POINTS 


For a price, third-party models are avail- 
able for microprocessors, memories, and 
other functions. You could incorporate 
them in your design-verification envi- 
ronment. When considering commer- 
cial models, you should review the fol- 
lowing factors: 


@ Because of the vendor’s time dedi- — 


cated to developing these models, 
you Can reasonably assume that they 
are more robust than a simulation 
model that you have written. If the 
model is a complex one—for exam- 
ple, a bus-snooping microprocessor 
model—your effort to produce an 
accurate model from scratch may 
outweigh the cost of the model. 
Such a model may require a design 
verification before you can use it. 
Models that you code are not a cap- 
ital investment. The only cost 
involved is design time, and for 
models of limited complexity, the 
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time investment is not large. 

Commercial models may not suit 
your task. The set of all possible 
-models for all possible parts will 
never exist, so, if you use commer- 
cial models, you need to make com- 
promises in your verification envi- 
ronment. These compromises may 


translate into inefficiency or ineffec- 


tiveness. : 
@ A commercial model may be more 
than you need, given its cost. 

For example, you might need a FIFO 
model that is only 13 bits deep, prints a 
message on overflow, and centers its 
write pointer when overflow occurs. A 
commercial model is probably unable to 
meet these exact requirements. 

On the other hand, a commercial 
microprocessor model could accurate- 


ly simulate instruction prefetch, © 


caching, and other complex behavior. 
But you may need a model that drives 


only the address and data lines, toggles 
a strobe, then waits for an acknowl- 
edge. In this case, given the simplicity 
of a model you could code, the cost of 
the more complex model may not be 
justified. 

Model vendors must provide as many 


options as possible, but the question 


remains whether you can optimize a 
commercial model to meet all the 
requirements of an efficient simulation. 
If you have total control of the model’s 
source code, no such question arises. 
You can adapt your own model in the 
finest detail to the needs of your design- 
verification environment. 

You may also wish to simulate a sim- 
ple piece of discrete glue logic without 
having to purchase an entire library of 
7400-series TTL models. You could 
accomplish this task in very few lines of 
a modeling language at virtually no 
cost. 
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mally complex, understandable model. Simulators usually 
incorporate a scheduling mechanism that models delay. For 
instance, if a model contains the statement 

a <= b AFTER 20 nsec; 
the simulator schedules a change on signal a 20 nsec after 
each change on signal b. 

For a part with as many signal-to-signal timing constraints 
as a RAM, an effective way to test for timing violations is 
using self-scheduling. Self-scheduling uses the simulator’s 
scheduling mechanism along with the sensitivity-list mech- 
anism to permit the model to schedule a timing check after 
an input transition. Self-scheduling causes a model to 
reschedule its own execution after the transition of a signal 
of interest. 

To perform self-scheduling, the model declares a dummy 
input/output signal in its sensitivity list only for scheduling 
purposes. When the model must schedule an execution, it 
simply makes an assignment to that signal using either an 
AFTER clause or its equivalent. Because the signal is on the 
sensitivity list, the model re-executes after the specified time. 

Self-scheduling is particularly useful when a model’s input 
signals must statisfy multiple time constraints before an out- 
put signal becomes valid. RAM read accesses are such a case. 
Consider a RAM with an output that is valid subject to 
address access time, tACC, and chip-enable access time, tCO. 
Listing 4 shows portions of a RAM model that validate both 
of these times using self-scheduling. For simplicity’s sake, the 
example disregards other signals and timing parameters for 
the RAM. 

In the upper part of the process in Listing 4, changes on 
the address and chip-select lines cause the model to resched- 
ule an evaluation after tACC or tCO has elapsed. At that time, 
the lower part of the model validates a read access by check- 
ing to see if the access times have met tACC and tCO. 

The TRANSACTION attribute specified for the scheduling 
variable in the sensitivity list causes model evaluation when- 
ever the simulation makes an assignment to the scheduling 
variable, whether or not the variable changes state. Unlike 
the mechanics of common programming languages in 
VHDL, making an assignment does not necessarily change 
the state of a VHDL variable. VHDL can recognize an assign- 
ment even if the assignment has no physical counterpart in 
a real system. A variable with a “1” state, however, retains 
that state if it’s assigned the value “1.” 

Note: The model may require some modification and work 
to get it to function as intended. For example, some VHDL 
simulators do not handle the LAST_EVENT attribute in the 
way that you might expect. In the actual RAM model (see 
Listing 4), I had to emulate the LAST_EVENT attribute in 
VHDL to produce the desired function. 

Also, in the simulator I used, the TRANSACTION attribute 
did not always schedule re-evaluations as it should have. To 
work around this problem, I declared the scheduling variable 
as an array of type boolean and sequentially made resched- 
uling assignments to each of the elements in the array in a 
rotating fashion. Simulators are not without bugs. 

RAM models are the most difficult of the models discussed 
in this article to write. If robustness of the RAM model is crit- 
ical, you may need to build a small simulation to verify the 
RAM model before using it in design verification. If you are 
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LISTING 5—TEST-CASE-DEPENDENT 
OSCILLATOR MODEL 


library ieee; 
use ieee.std_ logic 1164.all; 


entity osc is 
port ( ; 
testno : in integer; -- test number controls 
behavior 
clock : inout std_logic := ‘0’ 
); 
end; 


architecture sequential of osc is 
constant tCLK : time := 100 ns; 

period 

begin 


-- normal clock 


process (clock) 
variable tCLKx : 
begin 


time; -- calculated clock period 


if testno = 2 or testno = 6 or testno = 11 then 
tCLKx := tCLK/2; 
else 
tCLKx := tCLK; 
end if; 
clock <= not clock after tCLKx/2; 
end process; 
end sequential; 


not relying on the model for timing verification, seeing the 
model work properly in your design-verification environ- 
ment can be sufficient proof of its integrity. I use the second 
approach in conjunction with a static-timing analysis to 
yield a functional product with no known RAM-timing 
problems. 


Static-timing analysis 

In general, timing simulation does not guarantee that a 
design meets timing requirements. Producing a simulation 
that exercises all the paths in a design can be a challenging 
task, especially if a synthesis tool produces the gate-level 
netlist. If you have produced models with timing checks in 
them, at least some of the checks will contain bugs that per- 
mit timing violations to go unnoticed. 

In the type of design-verification environment described 
here, you should use timing simulation only as a reinforce- 
ment to timing verification using a static-timing-analysis 
tool. Static-timing analysis exposes all paths in a design, 
regardless of logic structure. A static analysis with an output 
that is used in a conscientiously prepared, hand-done, or 
spreadsheet-based, system-level timing analysis should 
expose any timing-check inadequacies in your design-verifi- 
cation models. Even if your models have no bugs, the thor- 
oughness of a static analysis provides much more confidence 
in your design’s timing than does timing simulation. 


Design-verification techniques 

Some general techniques that can make your design-veri- 
fication environment more robust and efficient include glob- 
al test numbering and software testing during simulation. 

At the highest level, you should automate your test envi- 
ronment to make the most efficient use of your time. For 
example, suppose a model needs to change its function from 
test case to test case. You should consider writing the model 
to modify its function based on a test number connected to 
an input on each of the models in the simulation environ- 
ment. 

A simple example of this technique would be an oscillator 
that runs at twice the normal speed for certain test cases. 
Listing 5 shows a model for an oscillator that does this for 
test numbers 2, 6, and 11. 

The top-level netlist connects the testno inputs of all sim- 
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ulation models that are connected. The simulation script sets 
testno equal to the test number at the beginning of the script. 
This technique is preferable to editing and recompiling the 
model to change its behavior. 

You can design your environment to use test-execution 
scripts at the highest level. These scripts select an entire set 
of simulation inputs, such as microprocessor access files and 
RAM data files, based on a single test number that is part of 
the test script’s invocation. This technique provides you with 
more time to concentrate on the actual debugging of your 
design instead of the mechanics of simulation. 

Another technique worth consideration involves joint 
testing of driver software and hardware. The driver software 
that manages the details of a design’s operation often con- 
sists of a set of access routines and bit-field definition sym- 
bols, all of which you must debug. Rather than input all stim- 
uli (RAM contents, etc) to your design in binary, you should 
construct the driver software so that parts of it may function 
as an application program if the appropriate compile switch- 
es are Set. 

This application program may then generate input data 
files for simulation using exactly the same symbolic con- 
structs that the device-driver programmer uses. This 
approach has two advantages: You save the time and trouble 
of generating potentially lengthy sets of binary data to exer- 
cise your design, and the programmer is confident that his 
symbolic representation of your design is correct. Using sym- 
bolic representations instead of machine-based representa- 
tions results in a net time savings. EDN 
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upport you actually use. Go ahead. Show everyone how 
mart you are... put the BP-1148 to work on your next project. 


low cost upgradable programmers : : penne “enon! 
/ uncompromising quality and performance ee 
- supports the latest and most complex devices 

- thousands of algorithms available instantly ° 

/ pay only for the algorithms you actually use 
free software updates released each six weeks 
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50% teeez teers anyone. 


99.9% fault coverage. 


(So good, it’s embarrassing.) 


In a time when superlatives are passed out like hors d’oeuvres at a party, we almost 
hesitate to tell you how hot our FastScan” ATPG really is. 

But here goes. FastScan, which is optimized for full-scan and scan-sequential designs, 
has not lost a single technical benchmark since it was first introduced nearly two years ago. 
Never. Not once. Also, it’s 50% faster than the competition, achieves 99.9% fault coverage, 
and produces substantially less vectors. 

All good reasons why FastScan, along with our partial-scan 
and non-scan FlexTest’ ATPG toolset, won a Best In Test award for 
1993. And if that’s not enough, they also provide full support for 
lddq test. And handle BIST and boundary scan designs. 

Did we say boundary scan? Our BSDArchitect’ toolset can 
even automatically insert boundary scan into your HDL design at 
the HDL level. In either VHDL or Verilog. Your choice. 

And all of our DFT tools work outside the Mentor Graphics 
framework as well as within. A true “plug and work” strategy. Made 
ai the betes by oie puastandine performance of HP workstations. And HP MPower, which 
lets engineers join powerful productivity teams without ever leaving their desks. Mentor 


Graphics Corporation is a premier solution provider for Hewlett-Packard. 
Phone 1-800-547-3000, dept. 338 for more information on Mentor Graphics’ Full-Chip 
Test. Or E-mail dft_mgc@mentorg.com. 


CIRCLE NO. 148 Verilog is a trademark of Cadence Design Systems, Inc. 
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|| DESIGN FEATURE 


Green strategies cope 
with electronic products’ 
energy and end of life 


Jimi LIPPKE, CONSULTANT 


Engineers 
| must be aware 
of the alter- 
natives that 
make a sys- 
| tem “green,” but what are the guidelines for 
choosing the best options? Although design- 
for-environment (DFE) tools are available, they are at best 
crude. Engineers are “hampered by lack of comparative-risk 
information; lack of a method of comparing unlike risks; and 
a lack of a method for integrating risk, performance, and cost 
information into a decision-focused system,” stated Jean 
Parker of the Environmental Protection Agency’s Design for 
the Environment Program during the 
1993 Electronics and Environment 
Symposium. Nonetheless, techniques 
are emerging to help make the right 
choices. Those techniques include life- 
cycle analysis (LCA), energy audits, pol- 
lution-prevention checklists, and 
guidelines for parts/material recovery 
and recycling. 

LCA is a good starting point. The 
term refers to the overall process by 
which one evaluates all environmental 
impacts from acquiring raw materials, 
through manufacturing and use, to the 
final disposing of a product. In laying 
out the conceptual framework for LCA, 
James A Fava, a pioneer in the field, 
points out that the outlook in the ‘90s 
has moved beyond that of the ’70s and 
’80s. The focus was once on constrain- 
ing the discharge of pollutants into the 
air, water, and land. But in the 1990s, 


RECYCLING 


Emerging design-for-environment techniques 


will help keep Mother Earth green. 


ENGINEERED AND 
SPECIALTY 
MATERIALS 


BULK 
PROCESSING fees 


RAW-MATERIAL | 
AQUISITION 


from a basic text published 
by the Society of Environ- 
ment Toxicology and Chem- 
istry (SETAC) (Ref 1). Techni- 
' cal Framework for Life-Cycle 
Assessment states that companies can best begin LCA with 
senior management’s commitment to improve the environ- 
mental quality of the company’s products or manufacturing. 
This usually entails identifying the key functions associated 
with a product from R&D through marketing and sales to 
customer use and disposal. A team approach is necessary. 
Fava advises asking such questions as: 
@ What is the source of the raw materials? 


REMANUFACTURING 


CLOSED-LOOP 
RECYCLING 


| MANUFACTURE 
AND ASSEMBLY 


USE AND 
SERVICE 


__| RETIREMENT 


TREATMENT 
DISPOSAL 


THE EARTH AND BIOSPHERE 


OPEN-LOOP 
RECYCLING 


MATERIAL DOWNCYCLING 
INTO ANOTHER PRODUCT 
SYSTEM 


the EPA switched from pollution con- 
trol to pollution prevention. The objec- 
tive is to cut pollution to zero using nat- 
ural ecosystems as the model. 
Industrial systems should not be open- 


NOTES: 
=p = FUGITIVE AND UNTESTED RESIDUALS 
euweenjg»- = AIRBORNE, WATERBORNE, AND SOLID RESIDUALS 
»» =MATERIAL, ENERGY, AND LABOR INPUTS FOR PROCESS AND MANAGEMENT 


——+» =TRANSFER OF MATERIALS BETWEEN STAGES FOR PRODUCT, INCLUDES 
TRANSPORTATION AND PACKAGING (DISTRIBUTION) 


ended, dumping endless byproducts, 
but closed, as nature is, cycling and 
recycling. 

The practice of LCA stems largely 


The product life-cycle system is a closed loop that involves the earth and biosphere. 
Reuse, remanufacturing, and recycling can create other loops that counterbalance 
the system. (Source: EPA's Life Cycle Design Guidance Manual). 
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e Is the product highly dependent on nonrenewable 
resources? ENERGY STAR SAVINGS MOUNT 
e How much energy does the product use? 
@ Does the product’s manufacture require highly energy- The Environmental Protection Agency (EPA) predicts that the 
intensive processes? demand for electrical energy will rise 1 to 1.5% per year 
© Does the product or process require extensive use of | through 2000. However, Dennis McGavin of Hewlett- 
water? Packard believes that residential energy demand could be 
@ Are transportation costs high? 25% less if consumers bought energy-efficient appliances. 
e Does manufacture or transportation cause excessive Commercial and residential energy use is decreasing as man- 


release of carbon dioxide? 


ufacturers join the EPA’s Energy Star, a voluntary program to 


induce manufacturers to produce more energy-efficient 
products. Energy Star logos appear on products consuming 
no more than 30W. 

EPA estimates that manufacturers of laser printers, for exam- 
ple, could cut energy consumption 30 to 50%. The reduced 
consumption would save 6 billion kWhr in 2000, thereby 
reducing electricity bills by $500 million and avoiding annual 
carbon emission equal to that produced by 1 million cars. HP, 
a member of the Energy Star program, has four printer lines 
and the Vectra PC (including monitor) that qualify for a logo. 


@ Can the product be easily recovered and recycled or 
reused? 


A reference manual shows the way 

The publication in Ref 2 provides another basic LCA tool. 
Fig 1 portrays that book’s product life-cycle system, and Fig 2 
provides a schematic of life-cycle design. Fig 3 depicts matrices 
to conceptualize environmental requirements and perfor- 
mance. In developing environmental requirements, first take 
stock of the materials used. Table 1 lists factors you should con- 
sider, and Table 2 lists how AT&T applies these principles in a 
demonstration project with the University of Michigan. 

In its simplest form, LCA comprises three stages: taking 
inventory, assessing impact, and assessing improvements 
(Fig 4). Taking inventory, the most developed component of 


LCA, involves using a database that quantifies energy and 
raw-material requirements (inputs) and environmental out- 
puts, such as air emissions, water effluents, and solid and 
hazardous waste for the life cycle of the product. Energy 
inputs can take into account transfor- 
mation cost (raw materials into prod- 
ucts), transportation cost (running 
assembly-line conveyers), and any 
reduction cost (when using recycled 
materials). Michigan State University 
has developed mathematical system 
models quantifying such inputs for 
given boundary limits. 

Impact assessment is harder to per- 
form. Certain materials, processes, or 
components may be toxic, but their 
impact on the environment and health 
varies, according to the amounts 
involved. For example, when evaluat- 
ing a given design, you may have to 
decide what weights to give carbon- 
dioxide release compared with sulfur 
dioxide. If you use disposable or 
rechargeable batteries, how do you 
weigh performance (battery-charge 
life) against toxicity? You have to make 
and record value judgments so that oth- 
ers understand the basis for your rating. 

Some companies are working to 
incorporate life-cycle costs and life- 
cycle cost-management calculations 
into LCA. One such company, Decision 
Focus Inc, Mountain View, CA, uses the 
Generalized Equilibrium Modeling Sys- 
tem and proprietary CAD/CAE soft- 
ware. Another company doing econom- 
ic modeling in DFE is Synergy 
International, Atlanta. Synergy provides 
“activity models” and reports that the 
US Air Force developed IDEF, a comput- 


TABLE 1—ISSUES FOR DEVELOPING ENVIRONMENTAL 
REQUIREMENTS 


Materials 
Character 
Virgin 
Recovered (recycled) 
Reusable/recyclable 
Useful life 
Resource base factors 
Location 
Locally available 
Regionally available 
Scarcity 
Threatened species 
Reserve base 
Quality 
Composition 
Concentration 
Management/restoration 
practices 
Sustainability 


Amount (intensiveness) Impacts associated with 
extraction, processing, 
and use 

Residuals 

Energy 

Ecological factors 


Health and safety 


Type 
Direct 
Product related 
Process related 
Indirect 
Fixed capital 
(Building and equipment) 


Source 

Renewable 
Forestry 
Fishery 
Agriculture 

Nonrenewable 
Metals 
Nonmetals 


Energy 
Character 
Resource base factors 
Location 
Scarcity 
Quality 
Management/ 
restoration practices 


Amount (energy efficiency) 


Impacts associated with 
extraction, processing, 
and use 

Materials 

Residuals 

Ecological factors 

Health and safety 

Net energy 


Type 

Purchased 

Process byproduct 
Embodied in materials 


Source 
Renewable 
Wind 
Solar 
Hydro 
Geothermal 
Biomass 
Nonrenewable 
Fossil fuel 


Nuclear (Source: EPA’s Life Cycle Design Guidance Manual) 


120 = EDN NOVEMBER 10, 1994 


er-aided software-engineering tool, for 
defining complex sets of interacting 
activities in the life cycle of an aircraft. 


LIFE-CYCLE FRAMEWORK 
AND GOALS 


MANAGEMENT 
¢ CONCURRENT DESIGN 


LCA impacts electronics 
Although LCA emerged to analyze 

manufacturing, particularly those 

involving toxic chemicals, it will soon 


¢ TEAM COORDINATION 
e LIFE-CYCLE QUALITY e POLICY AND STRATEGY 


¢e MEASURES OF SUCCESS 


affect all electronic sectors. The energy- 
efficient “green PC” is one example. 
Computers account for about 5% of all 
commercial energy in use today, and 
this may double by 2000, says Jacques 
Besnainou of Ecobalance (Wayne, NJ). 
“LCAs that encompass the entire life 
cycle of a product from raw-material 
extraction to end-of-life management 
alternatives (landfilling, incineration, 
and recycling) provide an unbiased 
map of industry systems.” Besnainou 
says the reusable-vs-recycling and recy- 
cling-vs-incineration debates are com- 
plex and not as green as you might 
assume. For example, nickel alloy con- : 
tacts in switches are not better than the 
more toxic alloys when you consider 
the total life of the switch. 

The Life Cycle Center of the Techni- 
cal University of Denmark, Lyngby, 
Denmark has made a detailed analysis 
of energy consumption for a frequency 
converter and a portable telephone. As 
Jens Legarth, an engineer at the Insti- 
tute for Product Development at the 
University, told the 1994 Electronics & 
Environment Symposium, “Great 
rewards result from reducing energy 
consumption in all life-cycle phases.” 
The Life Cycle Center maps and quantifies all environmen- 
tal impacts from all life-cycle phases—raw-material extrac- 
tion, production use, transportation, and customer use. Cus- 
tomer use of a product is the major contributor to smog, 
nitrogen oxides, acid rain, and carbon-dioxide release—all 
stemming from a product’s energy consumption. Higher effi- 
ciency converters can reduce the impact. 

The Life Cycle Center normalizes all data by dividing it 
by a reference emission, based on the equivalent per-year 
per-world citizen. The Center expresses a product’s contri- 
bution to global warming as a person equivalent. In the study 
of the portable phone, energy spent in production turned 
out to be greater than lifetime use, but the energy expended 
in production included that for not only material trans- 
formation but also the energy channeled to keep factory and 
headquarters workers comfortable (such as heating and 
air conditioning). 

Switching power supplies generally operate at 75 to 80% 
efficiency, according to Charles Sullivan, an engineer and 
member of the computer department of the University of 
California at Berkeley. He believes that 95% efficiency should 
not be difficult to achieve. In any case, switching power sup- 
plies are superior to linear units, which are approximately 


LIFE-CYCLE 
STRATEGIES 


TECHNICAL 
DEVELOPMENTS 


CONTINUAL REASSESSMENT 


NEEDS ANALYSIS 


¢ SIGNIFICANT NEEDS 
* SCOPE AND PURPOSE 


¢ BASELINE 
REFINE 


REQUIREMENTS 


¢ ENVIRONMENTAL 
* PERFORMANCE 

« COST 

¢ CULTURAL 

° LEGAL 


DISCONTINUE 


DESIGN 


* CONCEPT 
* PRELIMINARY 


¢ DETAILED 
DISCONTINUE REFINE 


IMPLEMENT 


* PRODUCTION 
* USE AND SERVICE 
¢ RETIREMENT 


STATE OF 
ENVIRONMENT 
DISCONTINUE 


EVALUATION 


°e ENVIRONMENTAL 

¢ COST 

¢ DECISION 
MAKING 


REFINE 


MONITOR, PLAN IMPROVEMENTS 


Life-cycle design comprises a management strategy that oversees a continuously 
refined closed-loop system. (Source: EPA's Life Cycle Design Guidance Manual). 


50% efficient and require expensive transformers and capac- 
itors. He points out that you must consider the duty cycle of 
a product’s power demands. Standby or idle power for a tele- 
phone-answering machine is greater than the power con- 
sumed during operation. In the design of portable comput- 
ers, power management ranks in importance with 
computing capability. 

Sullivan points out that you must consider full product- 
life—not short-term—power costs because the least expensive 
component for a job may be the most costly in the long run. 
For a 2.5A circuit requirement, a $3.30 MOSFET overrated at 
18A operating over five years has a total cost of $6.29 com- 
pared with $25.58 for a $0.98 MOSFET that handles 2.5A. In 
another example, Sullivan determines that a line-powered 
electronic clock costing $10 consumes nearly that much cost 
in electricity in 10 years. LEDs use more power than LCDs, he 
adds. Sullivan also suggests that there is considerable room for 
reducing clock power because no electronic timekeeping 
device on the market uses less than 10 pW. 

If end-of-life products go into landfills, waste can never be 
reduced to zero. Western industrial countries are rapidly clos- 
ing their landfills. US landfills will number 3250 by 2000, for 
example, compared with 18,500 in 1979. However, electrical 
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and electronic products that need disposal are doubling. Ger- 
many is dumping 1 million to 1.5 million tons of used elec- 
tronic products annually, with TV sets accounting for almost 
60% by weight. A study in France, the Desgeorges Report, found 
that 1.3 million tons of electrical products are now reaching 
end of life. Nearly twice that amount is entering the market, so 
the problem of electrical waste is getting worse. 
Commercial/industrial electrical products account for 31% of 
electrical waste; appliances, for 29%; batteries, for 14%; con- 
sumer electronics and cable, for 8% each; computer office 
equipment, lighting fixtures/lamps, and “other,” for 3% each; 
and telecommunications, for 1%. Computer waste is the 
growth factor. If things don’t change, Americans could be 
dumping 150 million PCs by 2005, according to another study. 

To cope with the waste problem, Europe has pending leg- 


islation that calls for manufacturers to take back the prod- 
ucts they produce. Both the Netherlands and Germany are 
close to passing such laws. Computer companies are looking 
at the “six Rs” of DFE: reduce, reuse, reclaim, refurbish, 
remanufacture, and recycle. Take-backs add to the costs of 
products, but some companies, such as Digital Equipment 
Corp, Hewlett-Packard, and Xerox, see a potential cost ben- 
efit from recycled materials according to Dave Williams, a 
professor at Loughborough University in the United King- 
dom, who interviewed these and other manufacturers. 

HP is recycling 65% of its hardware in Europe, Williams 
reports. European Xerox “asset-recovery” activity reports for 
1992 indicate that the company reprocessed 50,000 field- 
returned copiers to yield 755,000 components (51% by 
weight), and recycled 46% by weight into reusable materials. 


TABLE 2—ENVIRONMENTAL REQUIREMENTS 


Product 


Manufacture 
Materials should be recyclable 
(preferably on-site) 
@ (plastic regrind) 

— Maximize use of recyclable materials 
when environmentally preferable 

— Choose ODS-free components 

— Eliminate the use of toxic materials, 
such as Pb 


Use/service 


@ (ROM parts 


Process 


Manufacture Use/service 
— Minimize process wastes, including 
air emissions, liquid effluents, and 
hazardous and nonhazardous solid wastes 
— Minimize resource and power consumption 
— Meet five corporate environmental goals 


— Do not commingle waste streams 


Distribution 


Manufacture 

— Minimize supplier packaging 
® (nonhazardous) 

— Packaging containing recycled material 
(postconsumer content specified) 

— Reusable trays for parts in factory 


Use/service 


per package 


— Extend useful life through 
modular design with sufficient 
forward and backward capability 

— Make products upgradable 


@ sockets for additional memory or 
processor chips) 


— Energy-efficient operation 
(operate on line power only) 


— Minimize product packaging 
@ (use Electronic Packaging Guidelines 
@ (nonhazardous inks, etc) 

— Optimize number of phones 


End-of-life management 
— Reuse parts (such as handsets 
and cords) 
— Standardize parts to facilitate 
remanufacture 
— Product components recyclable 
after consumer use 
— Open-loop recycling into fiber cables, 
spools, reels . 
— Easy to disassemble: no rivets, glues, 
ultrasonic welding; minimal us of 
_ composites 
— Components easy to sort by marking 
~ and minimal use of materials 
— Housing should be shreddable 


End-of-life management 

— Maximize material recycling of 
components not reused 

— Service or reconditioning operations 
should minimize use of paints and sol 
vents 

— Minimize wastes, including air emissions, 
liquid effluents, and hazardous and 
nonhazardous solid wastes from 
refurbishing operations 


End-of-life management 

— Use reusable shipping containers 

— Use recyclable packaging 

— Use packaging containing recycled 
materials 


— Specify packaging containing 
recycled material (postconsumer 
content specified) 

— Use recycled paper for manual 

— Minimize material variety for packaging 


Information management 


Manufacture Use/service 
— Use design-for-environment (DFE) tools 
— Encourage suppliers to discontinue 

use of ODS in parts manufacturing 


packaging 
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— Print manual on recycled paper 
(list environmental features) 
— Print recycling instructions on product 


End-of-life management 

— Supply toxic-material content 

— Provide product-recycling instructions 
— Provide product-disposal instructions 


(Source: AT&T) 
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When your designs require more memory, 
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Our high density memory 
array solution doubles the 

efficiency of your board 


design - in half the space. 


Some EDI8L32128C-AC 


high-performance advantages: 


M@ Speed: 15, 17, 20 and 25ns 
m@ JEDEC SMT: 68 Pin PLCC 
@ Small Footprint: 0.990 sq. inches 


M@ User Configurable Organization 


@ High Density 4 Mbit CMOS SRAM 


Achieve the greatest memory efficiency 
without hogging your valuable board design. 
Give us a call today for samples and 
application information. 
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This left only 3% of the parts for dispos- 
al. Strategies to cope with end-of-life 
recovery point to a major paradigm shift 
for OEMs, according to Ray Dirby and 
Dewey Pitts of IBM (Research Triangle 
Park, NC). Designers must adopt upgrad- 
able modular-design approaches. Yvon 
Marty, Alcatel (France) points out that 
“recycling must be embedded into prod- 
uct design.” 

During the 1994 E and ESymposium, 
Thomas Porada of DEC called material 
recovery “asset alchemy.” To recover 
valuable assets, the company has set two 
major programs, the Digital Idle Asset 
Listing (DIAL) and the Resource Recov- 
ery Center. Policy requires that depart- 
ments should review DIAL before 
requesting new capital equipment. The ‘'- 
policy has saved the company millions of dollars in equip- 
ment annually, says Porada. At the recovery center, DEC can 
sell recovered solid waste and process hazardous waste that 
the recovery processes generate. Without revealing quantities 
or dollar values, Porada describes DEC’s own list of the six Rs: 
reuse (internally) 1.4% recovered; resale (equipment, compo- 
nents), 23.2%; refurbish, 1.4%; remanufacture, 0.3%; reclaim 
(printed wiring boards, ICs, cables, and connectors) 6.7%; 
recycle (metals, plastics, paper, and CRTs) 54.9%. Porada says 
the waste-to-energy conversion has been 12%. Hazardous 
landfill was less than 1%. Before disassembling materials, DEC 
carefully identifies proprietary components to prevent them 
from entering the market. Some high-value components are 
finding their way into toy markets via brokers, Porada says. 
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SHOULD WE RECYCLE OR DUMP BATTERIES ? 


Every lantop computer user who discards dead batteries adds to the environmen- 
tal problem. Of the dozen or so battery-cell types available, ranging from low spe- 
cific energy (40 Whr/kg) to Lithium/polymer types (200 Whr/kg), all contain a high 
portion of toxic materials. Although government regulations prohibit putting lead- 
acid batteries into municipal waste, consumers regularly discard NiCd and nickel- 
metal hydride (NiMH) batteries, which are popular in laptops. 


Because of the annual sales of 10 million portable computers, environmental 
engineers at Carnegie Mellon University, Pittsburgh, estimate that consumers will 
purchase 15 million battery packs annually, which represents 7700 tons of batter- 
ies. Assuming the replacement of two sets of batteries over a five-year period, that 
means we must dispose of 35 million units, or 17,500 tons, of toxic waste each 
year. Collections for household hazardous waste costs as much as $10,000/ton, 
and bulk disposal of rechargeable batteries by the Department of Defense costs 
$2000. Returning batteries to their manufacturer costs $2/lb in shipping and han- 
dling plus a bulk-disposal fee, making the cost $5000/ton. 


Identifying all materials used is the key to easier recycling; 
all plastic parts must carry recycling symbols. Making parts 
from fewer material types and reducing paints, platings, and 
screws also aid in recycling. At Sony Europa (Fellbach, Ger- 
many), ideas for the reusability of electronic modules include 
more modularity and the storage of identification data with- 
in the module accessible through a so-called “green port.” 
This data can also include life-history information for reuse 
decisions; identification ICs could store information about 
additives, fillers, and flame retardants in plastics, which hin- 
der recycling. 

Design for disassembly (DFD) will be a major requirement 
of DFE in applying the Six Rs as product take-backs increase. 
Researchers at Darmstadt University of Technology in Ger- 


ENVIRONMENTAL 
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Conceptual-requirement matrices comprise tables of inputs and outputs vs manufacturing processes that affect them. 


(Source: EPA’s Life Cycle Design Guidance Manual). 
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As fast as your microprocessors: 


1 Sense 


Synchronous DRAMs from Fujitsu. 


If you’re using expensive SRAM cache memories because 
you can’t find DRAMs to match your fastest microproces- 
sors, your wait is over. 


High data transfer rates 


Fujitsu has the DRAMs you’ve been waiting for: Synchro- 
nous DRAMs (SDRAMs) with speeds up to 100MHz and 
data transfer rates up to 100Mbytes/second. 
They operate synchronously with your 
processor clock, simplifying system control. 


System design is simple, too. Fujitsu SDRAMs 
conform to JEDEC standards and they require 
only 3.3V power (+ 0.3V). This makes them _ 
the perfect choice for multimedia PCs — even % 
low-voltage notebook models — and for most 


workstations and high-performance systems. 


Replaces high-priced VRAMs 


Fujitsu SDRAMs also make excellent replacements for 
VRAMs in many graphic systems. Less expensive than 
VRAMs, SDRAMs also eliminate the need for two data bus 
systems between the display controller and the RAM. 


World’s first 64Mb SDRAMs 

Our 16Mb SDRAMs are available now in 
production quantities, with 4Mb_ units 
available soon. Engineering samples of our 
© 64Mb SDRAMs — the world’s first — will be 
available by the end of the year. So why 
wait? For complete specifications, call 
Fujitsu today. 


FUJITSU 
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Headquarters (Japan): FUJITSU LIMITED (Electronic Devices International Operations Dept.) 1015, Kamikodanaka Nakahara-ku, Kawasaki 211, Japan Phone: (81-44) 754-3753 Fax: (81-44) 754-3332 
North America: FUJITSU MICROELECTRONICS, INC. 3545 North First Street San Jose, CA 95134-1804, USA. Phone: 408-922-9000 Fax: 408-432-9044, 9045 
Europe: FUJITSU MIKROELECTRONIK GMBH Am Siebenstein 6-10, 63303 Dreieich-Buchschlag, Germany Phone: (06103) 690-0 Telex: 411963 fmg d Fax: (06103) 690-122 
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many are exploring automatic disassembly of products 
through the use of a robot. Although they are still in the first 
stages of investigation, the researchers have accomplished 
complex disassembly. They are now investigating additional 
actuators and tools, and the next step is to integrate artificial- 
intelligence approaches. The Institute of Manufacturing 
Automation and Production Systems, Erlangen, Germany, is 
conducting longer term research that may lead to the analy- 
sis of printed wiring boards. The use of surface-mount com- 
ponents will win out over components with bent and sol- 
dered lead through holes, and companies will use adhesives 
less. Disassembly without destruction is the goal. EDN 
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MEASURE a— ENERGY 


x. OUTPUTS -— GAS, WATER 
EMISSIONS, SOLID WASTE 
(ENERGY?) 


IMPACT OF ABOVE ON RESOURCE 
DEPLETION ON HUMAN AND 
ECOLOGICAL HEALTH 

EFFECT OF SOCIAL CHANGES, SUCH AS 


DEMOGRAPHY, TRANSPORT, 
CONSUMPTION 


TARGETS FOR MINIMIZING OR ELIMINATING 
HARMFUL FACTORS IDENTIFIED 


INVENTORY 
IMPACT 
ASSESSMENT 


IMPROVEMENT 
PLANS 


LCA comprises three interacting stages: inventory, impact 
assessment, and improvement plans. (Source: Ken Snowden, 
BNR Europe) 
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Custom Thyristors For Tough Applications 
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Today’s complex electronic applications often call for 
more than standard Thyristor parts. Teccor has 
responded to this ever increasing need with broad 
‘‘customization’’ capability in both electrical 
parameters and package configurations. Now, instead 
of time consuming and expensive redesigning pro- 
cedures, you can streamline your circuit with just the 
right custom parts. 


With over 25 years experience in solving the toughest 
applications in the industry, Teccor Electronics is your 
best source for both standard and custom thyristor 
parts as well as complete applications support. Write 
or call us today for our full line catalog. And if these 
standards don’t fit your needs, we'll build one that will! 


“Freccon 


1801 Hurd Drive 

Irving, Texas 75038-4385 
(214) 580-1515 

Fax (214) 550-1309 


TRIACS ¢ SCR’s e RECTIFIERS e ALTERNISTORS * QUADRACS « DIACS e« STS e SIDACS « SIDACTORS 


CIRCLE NO. 96 


7126 = EDN NOVEMBER 10, 1994 


tht 
eee: 


c 


See cit 
saves Peet 
Se seeteie 

ee 


2 


tke 
NTC 


Sot 
rs nemer tesa te 
% Ueno 
SRE OEe ue uaa 
ee : 
ER CSe prep cnet 
oct 


s 


seniors 

Reese 

Nias ebaaenn 

peer nen oS 
St 


Lg partie Me pacesagemnany ee 


Bina 
Seonon 


y1-26 poppe a A 


95270649 TABNMTUEIG 
Fee bast ; 


z 
2s 
eee 
SOreioiete OF>! 
ces 


es 


ee 


ae 
ey 


1: tions For Your t 
Corporation 23 Frontage Road, Andover, MA. 01810 USA « TEL: (508) 


Wicor GmbH Carl-von-Linde Strasse 15 D-85748 Garching-Hochbruck, Germany * TEL; +49-89-329-2763 » FAX: +49-89-329-2787 
“293 - 3 FU-Hsing S. Rd. Sec. 2, Taipei, Taiwan, R.0.C. © TEL: +886-2-73643490 ¢ FAX: +886-2-/337341 


aes 
Bone none 


At fast edge rates, the wrong interface 
takes on unexpected qualities. 


AMP high-speed connectors - in hard metric, 
shielded hard metric, Futurebus, stripline, and 
microstrip versions — offer a broad range of 
signal management solutions. 


AMP high-speed board-to-cable connectors 
and cable assemblies minimize reflection, 
crosstalk, and propagation delay at 
critical interfaces. 


As the demand for performance 
pushes clock rates up, signal 
integrity can become a real challenge- 
especially when traffic moves 
from board to board, or board to 
cable. Interconnects that 
worked last time around 
suddenly act a lot like 
bumpers and flippers when your 
signal hits them. Fortunately, 
expert interconnect help is available. 

We'll show you a broad range 
of technology solutions-the newest 
and best of subnanosecond inter- 
faces. We'll work with you to 
choose the right combination of 
performance and features to meet 
tough circuit requirements. And 
our experience in design and in 
manufacturing can help make sure 
your choice works on the production 
line, as well. 

Our high-speed and controlled- 
impedance interconnect solutions 
are engineered for hassle-free 
implementation, even with edge 
rates pushing 250ps. Our board- 
to-board selection includes high- AMP is a trademark. 


density open pin 

field types (shielded versions 
available), plus stripline and micro- 
strip styles that allow you to match 
characteristic board impedances to 
minimize crosstalk, reflection, and 
groundbounce. Our board-to-cable 
selection includes precision 
miniature coax and transmission 
line offerings to maintain signal 
integrity with minimum 
propagation delay. 

And we offer the simulation 
tools you need to confirm perfor- 
mance in software, before you build 
your first prototype. Talk with — 
your AMP Sales Engineer today, 
or call; we're ready to help. 


Scandinavia: Sweden 46-8-580-833-00 (fax 46-8-580-194-70) 

Central Europe: Holland 31-73-20-0911 (fax 31-73-21-2365); Germany 49-6103-7090 
(fax 49-6103-709223): Great Britain 44-81-954-2356 (fax 44-81-954-6234) 

Southern Europe: France 33-1-34-20-8888 (fax 33-1-34-20-8600); Italy 39-11-401-21111 
(fax 39-11-403-1116); Spain 34-3-200-8466 (fax 34-3-201-7879) 
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Philips Semiconductors 


For more information on any of 


these subjects: call 1-800-447-1500 
and request appropriate extension 


number. 


Europe — use EDN Information 
Retrieval Service or contact us 
direct via fax on +31 40-724825. 


The TDA8760 high-speed, 10-bit A/D 
converter is the first commercially-available 
monolithic ADC to combine 50 Msamples per 
second sampling with 5 V supply operation 
and power dissipation below 1 W (850 mW). 
The TDA8760 is designed for use in high- 
performance applications such as medical 
imaging systems, video cameras and satellite 
receivers. When sampling a 4.43 MHz full- 
scale input at 40 Msamples/s, it achieves a 
signal-to-noise ratio better than 56 dB and a 


conductors 
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Digital video-to-PCl-interface 
IC puts Philips video capture 
technology on the PCl-bus 


The SAA7116 YUV video-bus-to-PCI-bus 
interface chip permits instantaneous, 

live video display from any analog 

video source directly onto the graphics 
monitor. 

The SAA7116 interfaces directly with 
Philips’ existing family of digital PAL, 
NTSC and SECAM video decoder devices 
including the SAA7196, SAA7110 and 
SAA7151B. By combining the new device 
with the SAA7196, the video image can 
be scaled to any size on the screen, stored 
in a hard drive or sent to the CPU for 
compression, manipulation or processing 
before storage. 

The SAA7116 buffers each frame of 
the video capture chipset’s digital output 
before burst-mode DMA-transferring it 
over the PCI-bus. These data transfers 
can be direct to the PC’s video RAM for 
live display of the captured video, direct 
to a hard disk for storage, or via the 
computer’s CPU so that the video image 
can be manipulated or compressed. 

Typical applications for the SAA7116, 
when used in conjunction with the 


video capture chipset, include PC-based 


High sample rate, high resolution, 10-bit 
A/D converter 


THD (Total Harmonic Distortion) figure 
better than —65 dB. 


The TDA8760’s integrated sample-and-hold 


circuit has a 220 MHz -3 dB bandwidth 
capability. External reference voltages define 
the input levels corresponding to digital zero 
and digital full-scale so that the converter’s 
input range can be adjusted to accommodate 
signal amplitudes up to 1.5 V pk-pk. 
Packaged in a 44-lead PLCC, the 
TDA8760 has multiple 5 V supply pins to 


multimedia computers and PC-networked 


+ 
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The SAA7116 buffers and DMA- aie the 
digital video data to any memory location on the 
PCI-bus at full resolution and frame rate. 


distribution of real-time video sequences 


for education, training and information 


display. 


Call 1-800-447-1500 Ext 1153 
Europe: circle no. 40 


The TDA8760 10-bit A/D converter is available in 
three versions, with maximum sample rates of 20, 
40 and 50 Msamples/s. 


eliminate noise coupling between its analog 
and digital sections; separate multiple-pin 
analog and digital grounds prevent ground 
noise from affecting the digitization. 


Call 1-800-447-1500 Ext 1154 
Europe: circle no. 41 


$0T223-packaged 
power MOSFET has full 
on-chip protection 


With the introduction of the BUK107 logic- 
evel TOPFET, Philips Semiconductors is the 
irst company to offer a temperature and 
verload protected 0.5 A low-side driver in a 
1OT223 surface-mount package. The BUK107 
s designed primarily for lamp, solenoid and 
mall motor switching in automotive 
ipplications such as engine management and 
iriver information systems, but its built-in 
»rotection against short-circuit, over- 
emperature and over-voltage conditions also 
nakes it suitable for a wide range of industrial 
ipplications where high reliability is required. 

The transistor is available in two versions, 
2ither with a logic level control input that can 
be driven directly from a microcontroller port, 
or with a clamped intput that can be used with 
a pull-up resistor drive circuit. 


The BUK107 power MOSFET is the first fully- 
protected low-side driver to be offered in a true 
SMD package. 


The BUK107 is a vertical DMOS power 
FET with an overload protection circuit that 
limits the drain current to typically 1 A, and 
an over-temperature protection circuit which 
senses the junction temperature to prevent 
thermal damage. In addition, integral over- 
voltage clamping diodes coupled with 
controlled turn-off of the FET limit the drain 
voltage to 50 V, allowing the BUK107 to be 
used for inductive load switching. No external 
protection components are required; all the 
active on-chip protection circuits are powered 
directly from the control input, so the 
BUK107 has an off-state current consumption 
of typically 1 pA at 50 V. The device is housed 
in a standard SOT223 package with all pins 


protected against electrostatic discharges. 
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Two new low-cost microcontrollers from 
80C5I-derivatives leader 


With the introduction of the 8XC748 and 
8XC749 8-bit microcontrollers, Philips 
Semiconductors continues to meet market 
demand for low-cost, small-memory-system 
microcontrollers. Both have a 16 MHz maximum 
clock frequency and 2 kbytes of program 
memory, while the 8XC749 also includes an 
on-chip A/D converter and PWM output so 
that it can perform analog I/O operations. 
The 8XC748 and 8XC749 are targeted at 
a very broad spectrum of applications, ranging 
from toys and consumer products to industrial 
control and computing equipment. Their low 
power consumption and availability in SSOP 
packages make them particularly suitable for 
use in hand-held, battery-powered equipment. 
Philips Semiconductors is, in fact, the first 
company to offer 80C5 1-derivative devices in 
the miniature shrink small outline package. 
Both microcontrollers are available in 
EPROM/OTP versions (87C748 and 
87C749) and as mask-programmed versions 


First fully- 
programmable BiCMOS 
DRAM controller for 
high-speed, dual-port 
memory systems 


Combining the efficiency of a standard 
dual-port DRAM controller with the flexibility 
of an application-specific device, the new 
74AB1T4764 features an 80 MHz on-chip 
PLD sequencer that can be programmed to 
control high-performance memory systems. 

In addition to operating with any type of 
DRAM, the 74ABT4764 has the ability to 
interface directly to CISC processors, RISC 
processors and DMA channels without the 
need for glue logic, and to arbitrate memory 
requests from any two of these devices and the 
memory’s refresh logic. 

Equipped with 16 CAS (column address 
strobe) outputs, four RAS (row address strobe) 
outputs and an on-chip multiplexer for 11-bit 
memory addresses, the 74ABT4764 directly 
addresses up to 4 Mbytes of memory. This can 
be made up from DRAMs with capacities up 
to 16 Mbit (4M x 4), and, with the addition 


of a few inexpensive logic chips, the device can 
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Philips Semiconductors’ new low-cost 
microcontrollers are available in the miniature 


shrink small outline package (SSOP). 


(83C748 and 83C749). Their 24-pin and 28- 
pin SSOP packages have a height of 2 mm and 
PC-board footprints of 66 mm? and 82.2 mm? 
respectively — less than half the mounting 
height and footprint of other surface-mount 
80C5 1-derivative microcontrollers packaged 
in PLCCs. The new microcontrollers are also 


available in DIP and PLCC packages. 
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The 74ABT 4764 fully-programmable BiCMOS 
DRAM controller offers exceptional flexibility. 


also address 64 Mbit DRAMs. Memory access 
modes include page, fast page, interleaved 
page, nibble and static column modes, with 
datapaths up to 8 bytes wide. 

The key to the 74ABT4764’s exceptional 
flexibility is the on-chip PLD sequencer that 
controls the row/column address counters and 
multiplexer, the loop counter and an active 
page comparator that detects whether the 
current row address is within an active memory 
page. The counter overflow outputs and the 
hit/miss output of the active page comparator 
all feed back to the sequencer inputs. 

The 74ABT4764 is manufactured in 
Philips’ QUBiC BiCMOS process. 
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Industrial Electronic Engineers, 
Inc., in partnership with Rafi 
GmbH & Co., provides a unique 
modular approach to high per- 
formance data entry keyboards. 


Our Keyboard Team offers a wide 
range of modular switches and 
keyboards with excellent design 
flexibility, high quality con- 
struction and reliability. 


IEE also provides completely 
integrated data entry and display 
assemblies utilizing our full line of 
standard flat panel displays. 


Flat Panel Keyswitches—RF15/19 


Feature Snap-action Contacts, Variable Actuator Height and 
Integral LED Illumination 


RF15/19 switch modules are used in conjunction with a tough 
polyester membrane overlay, with the distinct tactile feel of a short- 
travel (0.5mm) 
switch. The 
modular 
nature of the 
low-profile 
RF15 (15mm 
Square) and 
RF19 (19mm 
square) key- 
switches 
allow for easy 
custom lay- 
outs. When 
properly 
gasket- 
mounted, the flat membrane permits full environmental sealing to 
Nema 4. 


The RF15/19 modules are available with various actuator heights 
(6.2—22.5mm) and with spot and full integral illumination using red, 
green or yellow LEDs. The individual RF15/19 modules are assembled 
robotically for consistent, high quality and all have outstanding tactile 
feel with operation life in excess of one million actuations. 


Modular Keyboard Solutions 


Full-Travel Keyswitches—RS76M and RS76C 


Feature Mechanical and Hall-Effect Contacts, Integral 
I[lumination and Environmental Sealing 


RS76M (Mechanical) and RS76C (Contactless Hall-Effect) full-travel 
keyswitch modules are available in momentary and latching versions 
with and with- 
out LED illu- 
mination. 
Individual 
sealing boots 
are available 
to meet the re- 
quirements of 
IP54 (Nema 
12) and IP65 
(Nema 13). 


RS76M switch 
modules have 
an operation 
life of over 10 
million actuations. RS76C Hall IC switch modules have a rated life 
in excess of 100 million actuations. 


We also offer a full line of existing standard keyboard layouts utilizing 
RS76 switch modules. 


IEE is a sustaining member of BID 


= INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
'7740 Lemona Avenue 

= Van Nuys, California 91409-9234 

= Tel 818-787-0311 ext. 418 ¢ Fax 818-901-9046 
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econdary cache increases 
erformance and reduces 


ower use in portable PCs 


J THOMAS PAWLOWSKI, IMI 


Secondary SRAM cache can 
increase system performance 
and reduce power consump- 
tion in portable PCs by vary- 
ing degrees, depending on 
the system configuration. 
Copying a portion of main 
memory into fast SRAM 
increases the system speed 
by reducing the number of 
accesses to slower DRAM. 
System-design choices affect 
the cache efficiency and 
determine power consump- 
tion and performance. The 
choice of hardware and 
architecture that optimizes 
one software application 
may have a negative impact on other applications. 

A performance and power analysis comparing the effect of 
cache on system designs can demonstrate the value of archi- 
tectural choices. Although the variety and complexity of wPs, 
chip sets, and operating systems (OSs) make analysis difficult, 
the following example can provide an indicative comparison. 


Performance and power analysis parameters 

Our analysis employs a 486SX-33 with 4 Mbytes of DRAM, 
a common main-memory configuration. You can use 3.3V 
SRAM with 5V-tolerant inputs and outputs or 5V SRAMs 
when adding an external cache to a SV CPU. Because the CPU 
is buffered from main DRAM, you can use 5 or 3.3V DRAMs 
with 3.3V CPUs. The analysis includes several combinations 
of cache and main memory to investigate the alternatives’ 
sensitivity to supply voltage, cache-SRAM type, assumed 
internal and external cache-miss rates, and DRAM type. 

At 33 MHz, a 5V 486SX wP running at full speed uses 685 
mA of current. This figure includes a margin for high supply 
voltage, low operating temperature, and test guard band. 
Typical wP operation requires 15% less current than specified 
(S90 mA). Only a small portion of the CPU circuitry draws 


For some time, the main focus of portable- 
computer development has been to extend 

the computer's operating time on a single 
battery charge. Performance considerations 
were secondary. However, now that portable 


operation ranges to eight hours plus, the 
focus is shifting toward improving operating 
performance. The new challenge is to improve 
operating speed without sacrificing the gains 
in mobile operation time. 


ICRON SEMICONDUCTOR INC 


less power when a wait state 
occurs on the wP’s external 
bus. When the bus-execu- 
tion unit idles during a wait 
state, the 486SX wP’s five- — 
stage internal pipeline 
(instruction fetch, two 
decode stages, execution, 
and register write-back) is 
still active. We calculate a 
15% reduction in energy 
consumption during wait 
states because no more than 
two or three wait states 
occurs per bus cycle. The 
power reduction can be 
greater for a design that 
invokes more wait states. 

The mix of bus-cycle operations varies widely with soft- 
ware applications and OSs. Determine a reasonable, nominal 
bus-cycle mix to evaluate hardware performance for your 
application. In our spreadsheet analysis (Table 2), we com- 
pare the bus-cycle mix and Level 1 cache-miss rates for each 
hardware alternative to determine pP performance and ener- 
gy use. We determine sensitivity to the bus-cycle mix and the 
selected average miss rate by evaluating the alternatives and 
increasing and decreasing the miss-rate value. Similarly, you 
can evaluate sensitivity to the average bus mix by altering the 
ratio between reads and writes. 

We evaluated performance for each alternative by calcu- 
lating the number of elapsed clock cycles to execute 1 billion 
operations. An operation is an instruction fetch/execution 
cycle or a data read/write cycle. Given the bus-cycle mix, we 
select memory speeds and then determine the number of 
wait states for each bus-access type. Although wait states 
reduce the power consumption per cycle, they add to a task’s 
overall execution time. 

Ideally, a system should execute the selected operations in 
1 billion clock cycles. The memory architecture imposes wait 
states that cause the number of clock cycles to complete the 
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task to exceed 1 billion cycles. 

It is difficult to determine power con- 
sumption in CMOS circuits because 
transistors use energy when they are tog- 
gled and leak energy when they are not 
toggled. Consequently, we use many 
analysis methods to calculate the instan- 
taneous peak power of the components 
and use this figure to evaluate energy 
use. This method can be misleading 
because a component that consumes 
more peak power can use less energy 
overall. Although power dissipa-tion is 
the rate of energy use, power consump- 
tion is power Xtime. A good analysis eval- 
uates standby power multiplied by the 
standby time in addition to active power 
multiplied by the active time. 

Also, a peak-power calculation alone 
does not account for I/O energy use. 
Although manufacturers specify oper- 
ating current with no loading on 
devices’ outputs, ICs in the real world 
drive capacitive loads, and it takes ener- 
gy to alter the voltage of the load capac- 
itance. Take the load energy (calculated 
as ‘/2 CV’ into account in analyzing 
power consumption. 

The four types of DRAM refresh that 
can affect a system’s power consump- 
tion are: standard, extended, self- 
refresh, and pseudostatic. Manufactur- 
ers screen DRAMS to find chips that can 
hold data for long times between 
refresh cycles. These “extended- 
refresh” devices use less standby power. 
Our analysis uses the conventional, 
standard-refresh DRAM and extended- 
refresh devices. Self-refresh DRAMs do 
not need an external clock to continue 
refreshing the device so the DRAM con- 
troller can cease operation when the 
system is idle, reducing power dissipa- 
tion. Pseudostatic RAMs are similar to 
the self-refresh devices, except the 
pseudostatic devices’ address rows and 
columns are not multiplexed. Both the 
self-refresh and pseudostatic DRAMs 
are not yet widely available, and pseu- 
dostatic RAMs have not successfully 
penetrated the PC market. Therefore, 
we omit these products in our study. 

In a simple design, a secondary cache 
subsystem adds approximately 2000 to 
4000 gate equivalents to a chip set. A 
DRAM controller uses 1000 to 2000 
gates. These gates consume energy at 
the rate of 6 wW/MHz/gate in a SV gate 
array and 4 pW/MHz/gate in a 3.3V 
gate array. When a system is in standby 
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mode, gates do not truly operate at zero 
power. You observe zero-power opera- 


‘tion only if you stop the clock to the 


gate. Therefore, our analysis includes 
power consumption values of 0.3 
wW/SV gate and 0.2 wpW/3.3V gate in 
standby mode. 

One difficulty of a performance and 
power analysis is determining how 


seventh groups (cases 18 and 19 and 20 
and 21, respectively) examine the effect 
of using extended-refresh DRAM in 
both 5 and 3.3V systems. 

The last two columns of Table 2 
show figure-of-merit improvements 
(if any) over the baseline case (Case 1). 
The next-to-last column in Table 2 
shows improvement over Case 1 for the 


TABLE 71—POWER DISSIPATION FOR SYSTEM COMPONENTS 


Device Supply 


voltage 
DRAM controller 
DRAM controller 
Cache controller 
Cache controller 


many gates run at which frequencies. If 
the chip-set vendor cannot supply 
accurate data, you can assume power 
dissipation based on the device’s data- 
sheet maximum currents for each oper- 
ating mode. If you use such an assump- 
tion, you can test sensitivity by 
adjusting the numbers up and down in 
the spreadsheet model to establish the 
affected range. 

Table 1 shows the power-dissipation 
data in our analysis. The DRAM con- 
troller’s clock-stopped numbers assume 
some dynamic operation when the 
CPU goes idle to account for DRAM- 
refresh requirements. The power data 
does not include additional compo- 
nents in chip sets such as I/O control. 


Analysis results 

Table 2 lists the results of the 21 design 
options we consider in our analysis. 
Case 1 is the reference or base case. The 
table divides the cases into seven major 
groups. The first group (cases 1 through 
6) employs variations based around a 5V 
CPU and SV DRAM. The second group 
(cases 7 and 8) also uses 5V DRAM but 
substitutes a 3.3V CPU. The third group 
(cases 9, 10, and 11) employs both a 
3.3V CPU and 3.3V DRAM. 

The fourth group (cases 12 through 
14), employs a SV CPU and DRAM, but 
we threw high cache miss rates into the 
simulation to test for sensitivity. The 
fifth group (cases 15 through 17) also 
looks for that sensitivity, using a 3.3V 
CPU and 3.3V DRAM. The sixth and 


Active | 
power 


Standby 
power 


Power dissipation 
(Clock stopped, 


mW) 
10 
5 
0.6 
0.4 


first case of each of the seven groups. 
The last column in the table shows 
additional incremental improvements 
achieved by modifying the configura- 
tion of the first case in that group. 

In each case, we execute an applica- 
tion consisting of 1 billion clock cycles 
followed by a 5-minute idle period. This 
scenario assumes a 90% idle time for 
mobile-computer operation. A more 
realistic idle time is 70 to 85%. We use 
the more conservative model because 
the addition of components increases 
standby power needs. If the addition of 
Level 2 (secondary) cache shows bene- 
fits in worst-case scenarios, then we can 
project its efficiency in less extreme 
conditions. 

For all cases, except where indicated, 
we halted the clock after 60 sec of idle 
time to emulate some power manage- 
ment. The final 4 minutes of operation 
were in the lowest energy consumption 
mode (rather than off). The figure of 
merit that compares the options is 


1X10, operations/(CPU and memory 
subsystem energy * execution time). 


Larger figures of merit indicate better 
performance using less power. Cases 
with SRAM secondary cache, one addi- 
tional 32kx8-bit SRAM, include a tag 
RAM in the energy calculation at the 
same voltage as the cache SRAM. For 
example, in Case 6, the energy figures 
include one additional 3.3V, 32kx8-bit 
SRAM acting as a tag RAM. This is nec- 
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Introducing CAPSYe7z." The best of two component databases 
combined into one Windows" tool. 


Some of the finest things in life 
result from ideal combinations. When 
IHS® wanted to create the world’s most 
powerful 
component 


selection tool, 


Offset Mait- € 13 


feyae = £24 


we combined 


the strengths of 


CAPS and 
IC/Discrete with the functionality of 
Windows to bring you the ultimate — 
CAPSXpert. 

CAPSXpert will revolutionize the 
way you search and compare 
components. CAPSXpert gives you: 

e More data ¢ Unbeatable currency 
e User-defined upgrade and downgrade 


criteria * Graphical pinout and package 


displays ¢ Distributor and sales office 
listings. Innovative search commands 


and multiple window capabilities make 


engineering team needs faster and easier 
than ever before. CAPSXpert is the tool 
you need to reduce redesign costs, avoid 
expensive product delays, and meet 
critical design cycles. 

For the ultimate solution to 
faster, easier component 
selection, upgrade to 
CAPSXpert today! Call 
1-800-241-7824 or 303- 
790-0600, ext. 59. 
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CAPSXpert. Nobody Puts It Together Like IHS:° 
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essary because Table 1 doesn’t account 
for the tag. 

Table 2 clearly shows the importance 
of stopping the clock. You incur a 24% 
energy penalty if the clock runs con- 
tinuously rather than stopping after 60 
sec of idle time. All components use 
more energy when the clock is running. 
Restarting the CPU and core devices 
requires less time and energy than spin- 
ning a hard disk drive up to speed. 

The table shows a 9.6% improvement 


in the figure of merit when you adda 5V 
secondary cache (four, 32kx8-bit 
SRAMs for cache data, and one 32kx8- 
bit SRAM for cache tag) to a SV system. 
Although the power consumption is 
higher in standby mode, active energy 
consumption is considerably lower. In 
this case, the performance improve- 
ment outweighs the overall energy 
increase. In comparing cases 4 and 2 
(with clock running), an overall 
decrease in the figure of merit appears 


when you add cache (Case 4). This fur- 
ther emphasizes the need to control the 
system clock. 

In cases 5 and 6, the secondary cache 
employs 3.3V devices. Case 5 uses four 
32kxX8-bit SRAMs for the data cache, 
and Case 6 uses a 32kX32-bit synchro- 
nous-burst SRAM. Both cache configu- 
rations employ 5V-tolerant parts. These 
ICs run on a3.3V supply, but they don’t 
require buffering to interface directly 
with the 5V CPU. These two cases show 


TABLE 2—SPREADSHEET RESULT OF POWER SIMULATIONS 


Standby- - 
Active- | period Standby 
period energy, period = 
Elapsed energy excluding energy total 

Case No. Option times ()) CPU (J) (J) time 

1 5V DRAM 38.388 205.6 18.822 303.8 338.388 

2 5V DRAM, clock 38.388 205.6 24.882 467.4 338.388 
always running 

3 5V CPU, 5V DRAM, 31.421 142 47.466 332.5 331.421 
four 5V 32kx8-bit cache RAMs 

4 5V CPU, 5V DRAM, 31.421 142 147.82 590.3 331.421 
four 5V 32kx8-bit cache RAMs, 
clock always running : 

5 5V CPU, 5V DRAM, 31.421 126.9 31.476 316.5 331.421 
four 3.3V 32kx8-bit cache RAMs 

6 5V CPU, 5V DRAM, 31.421 124.9 30.288 315.3 331.421 
one 3.3V 32kx 32-bit cache RAM 

7 3.3V CPU, 5V DRAM 38.388 143.9 18.822 338.388 

& 3.3V CPU, 5V DRAM, 31.421 Ji 7 29.04 147.2 331.421 
3.3V 32kx 32-bit cache RAM, 
3.3V cache controller 

9 3.3V CPU, 3.3V DRAM 38.388 7.6789 125.9 338.388 

10 3.3V CPU, 3.3V DRAM, 31.421 61.1 17.897 136.1 331.421 
3.3V 32k 32-bit cache RAM | 

11 3.3V CPU, 3.3V DRAM, 31.421 62.9 19.085 137.3 331.421 
four 32kx8-bit cache RAMs 

12 5V CPU, 5V DRAM, high miss rates 46.776 263.5 18.822 303.8 346.776 

13 5V CPU, 5V DRAM, high miss rates, 32.842 157.2 31.476 3165 332.842 
four 3.3V 32kx8-bit cache RAMs 

14 5V CPU, 5V DRAM, high miss rates, 32.842 154.2 30.288 315.3 332.842 
3.3V 32kx 32-bit cache RAM 

15 3.3V CPU, 3.3V DRAM, 46.776 114.3 7.6789 125.9 346.776 
high miss rates : 

16 3.3V CPU, 3.3V DRAM, high miss rates, 32.842 78.5 19.085 137.3 332.842 
four 3.3V 32kx8-bit cache RAMs 

17 3.3V CPU, 3.3V DRAM, high miss rates, 32.842 75.8 17.897 136.1 332.842 
3.3V 32kx 32-bit cache RAM 

18 5V CPU, 5V extended-refresh DRAM 38.388 204.6 5.6762 290.7 338.388 

19 5V CPU, 5V extended-refresh DRAM, 31.421 123.6 : 17.142 302.1 331.421 
32kx 32-bit cache RAM 

20 3.3V CPU, 3.3V extended-refresh DRAM 38.388 2.6712 120.9 338.388 

21 3.3V CPU, 3.3V extended-refresh DRAM, 31.421 60.9 15.544 133.7 331.421 


32k 32-bit cache RAM 
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considerably improved figures of merit. 
This analysis presumes the availability 
of a 3.3V tap from the switch-mode 
power supply so no additional energy is 
allocated to convert 5 to 3.3V. If a 3.3V 
power-supply tap is not available, take 
the additional power requirements of a 
linear regulator into account. 

During operation and in standby 
mode, the single 32kx32-bit SRAM- 
based secondary cache uses slightly less 
energy than the cache built from four 


BE | Desicn Feature 


32kx8-bit SRAMs. One additional con- 
sideration in this case is the circuit- 
board design. The single 32kx32-bit 
SRAM in a TOFP uses 0.55 in.” of board 
space, and the four 32kx8-bit devices, 
packaged in SOJ packages, use 1.1 in’. 
This reduction in real-estate consump- 
tion can make a significant difference 
to a crowded circuit board, especially in 
mobile computers. 

Cases 7 and 8 reflect some of today’s 
harsh market realities. Low-voltage 


E= 

total Figure Improvement Incremental 
energy of merit over baseline improvement 

(J) (1E9/(E*T)) case (%) (%) 
509.4 5801 
673 4391 24.303 
732.3 4120 ee -28.975 
443.3 6806 _. 17.327 
440.1 6855 ae 18.177 
280.9 10521 81.362 
218.9 13780 a 30.983 
516.1 13738 136.827 
197.2 15302 11.38 
200.1 15075 9.733 
567.3 5083 -12.38 
473.7 6343 ae 24.794 
469.5 6399 nae 25.891 
240.2 12005 249.613 
215.7 13927 are 16.001 
211.9 14179 pe atk Hee | 18.104 
495.3 5966 2.850 
425.7 7088 peel ok 18.802 
209.7 14093 2.582 
194.6 15504 10.010 


CPUs really need the more energy-effi- 
cient 3.3V DRAMs, but these memories 
are still in short supply. Thus, cases 7 
and 8 reflect the results of using a 3.3V 
CPU with 5V DRAM. Case 7 (3.3V CPU 
without a secondary cache) shows an 
improvement of 81% over the SV CPU 
design. Adding a 3.3V secondary cache 
further improves this design by 31%. 

In cases 9 through 11, the cache, 
CPU, controllers, and DRAM all run on 
3.3V. Thus, as 3.3V DRAMs become 
more available and less costly, all-3.3V 
systems should dominate system 
designs. 

Cases 12 through 17 illustrate sensi- 
tivity analysis. When you make a set of 
assumptions, check your conclusions’ 
sensitivity to those assumptions. We 
developed a set of miss rates for levels 1 
and 2 caches and applied these rates 
against the original bus-cycle mix 
(which comprises 11% internal cycles, 
52% instruction-read cycles, 21% data- 
read cycles, and 16% data-write cycles). 
Each of the three internal bus-cycle 
operations (Level 1 cache operations) 
uses different miss rates. 

When you add Level 2 cache, the 
128-kbyte direct-mapped cache uses a 
set of miss rates that conforms to an 
average rate that falls between DOS’ and 
Windows’ typical miss rates. Windows 
is More sensitive to miss rates than is 
DOS. To determine the power-con- 
sumption sensitivity to miss rates, cases 
12 through 17 use miss rates in levels 1 
and 2 caches that are twice as high as 
those of the other cases. This doubling 
more closely resembles a true Windows 
operating environment. Level 2 caches 
improve the computed figures of merit 
by 16% to 26%, depending on CPU and 
DRAM voltage selections. 

The last group of options in Table 2 
explores an effort to reduce DRAM 
energy in the cacheless cases through 
the use of extended-refresh DRAMs. 
Extended-refresh DRAMs have lower 
standby energy demands because they 
need refreshing much less often than 
regular DRAMS. If any of the cases casts 
doubt upon the usefulness of Level 2 
cache, it would be these because we fig- 
ure a high standby time into the analy- 
sis. But even in this scenario, adding 
the secondary cache improves the fig- 
ures of merit from 10 to 19%. 

The 33-MHz, 486-yP-based portable 
computer hardly represents a perfor- 
mance pinnacle. Clock-doubling and - 
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tripling Ps are finding their way into 
the portable-computing market. How- 
ever, a wP consumes energy when exe- 
cuting instructions and when waiting. 
During wait states, the wP performs no 
useful work, but it consumes 80 to 85% 
of the energy it normally uses during 
full operation. Each bus wait state in a 
clock-tripled system corresponds to 
three internal wait states in the CPU. 
Although the pP performs no work, it 
still needs 80% of the active energy for 
each of these three wait-state cycles. 
Unless you add secondary cache to the 
number of wait states, the clock tripling 
reduces the system’s overall energy effi- 
ciency. Therefore, adding Level 2 cache 
improves the efficiency of clock-dou- 
bled and -tripled systems even more 
than it does in unity-clock systems. 
Core mobile-computer systems will 
soon include Level 2 cache because of 
the performance advantages it brings. 
IC vendors will most likely integrate tag 
SRAM into chip sets to save board 
space. Although tag RAMs integrated 
into ASICs have lower performance 
than external specialty tag SRAMs, 
portable computers usually do not need 
to perform at workstation levels, so you 
can achieve zero-wait-state results with 
ASIC-based tag RAMs. Thus, a single 
3.3V 32kx32-bit SRAM would be the 
most likely choice for the Level 2 cache 
RAM because it requires the least 
amount of circuit-board space. ll 
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EDN— in collabora- 
tion with international 
book publisher Butter- 
worth-Heinemann—is 
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extend our exciting 
series of practical books 
about electronic hard- 
ware and software. 
Titles already in the 
EDN Series for design 
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You Think Omron Only Makes Relays, 
Read Between Our Lines. 


t’s true we’re the world’s number 

one relay supplier. So it’s not 
surprising to learn that design engineers 
and specifiers know us for our relays. 

But we also manufacture the 
world’s most complete line of switches 
and photomicrosensors. 

For years we’ve been building all 
types of switches, photomicrosensors, 
and relays for leading companies that 
manufacture telecommunications 
products, home and office electronics, 
computer peripherals, appliances, and 


HVAC equipment, just to name a few. 


Proven reliability 
makes Omron 
relays, switches, 
and photo- 
microsensors the 
preferred choice 
of design engineers 
and specifiers 


worldwide. 


What does all this mean? That’s 
simple. Our expertise has led to the 
development of standard components 
for all kinds of applications. And when 
you can fit a standard switch to your 
custom application, you’re looking at a 
considerable cost savings. Plus you'll 
see your design go into production that 
much faster. 

In switches alone, we have basic 
switches, mechanical keyswitches, 
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rocker swiielics amplified and non- 
amplified photomicrosensors, PCB 
mount and connector-ready photo- 
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And everything Omron makes is 
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MIPS, the i960°micro- 
processor family offers an 
4 entire range of price, per- 

formance and power 

options. And future versions 
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New Class Of Variable Gain 
Amplifiers Otter Wideband 


Gain Control. 


AD603 


Analog Devices has 
taken every criteria 
for variable gain 
amplifiers and made 
them a generation 
better. Greater gain 
accuracy. Less 
noise. Linear-in-dB 
control. Lower 
solution cost. The high integration of our 


variable gain amplifiers provides a complete, 


easy to use solution: simply connect the 
power, input and gain control voltage and 
you’re in control. 


0600 A603 
SPECIFICATION i | : a aie 
~ Channels ‘Dual | ingle 
Gain Range* -0aB to en iB 40 er b "30 iB 0 4B ‘ 30 Bo 


through 
0 dBto +80 dB 0 B fo +60 cB +10 dB i 50 dB 
-qscded =“ “ss Cee 


Input Noise ss Shectl Density 1 A/V : i 


1 AW ir au W/vH 
Signal Gain Accuracy (typ) +0.25dB #§ +0.25dcB +0.4 dB 
Bandwidth (MHz) Oo pa, 
Price /amp** 6005 OO 388 


LOWER NOISE, HIGHER PERFORMANCE, BETTER VALUE THAN ALL 
OTHER VOLTAGE CONTROL AMPLIFIERS 


AD600, AD602. For applications that 
demand high accuracy and integration, our 
dual channel AD600 and AD602 variable 


AD8001 ADSP-2115 


DAC8512 


gain amplifiers provide an optimum solution. 

They’re ideally suited for demanding medical 

ultrasound, non-destructive ultrasonic testing, 
and RF applications. 

AD603. Our new variable gain amplifier is 
a high speed, low cost solution, with solid 
performance. The AD603 features a single 
channel, programmable 40 dB gain range 
that’s ideal for cost and performance driven 
applications such as video, instrumentation, 
sonar, RF and IF AGC applications. 

For a data sheet and more information on 
AD603 samples and evaluation board, call 
Analog Devices toll free today, Gain Conta 
at 1-800-ANALOGD __ fl 
(262-5643)'. Or fax your x 
request to 617-821-4273. 


Input 


SPECIAL EVALUATION 
BOARD OFFER! 
Call 1-800-ANALOGD (262- 5643) 


ANALOG 
DEVICES 


Analog. Digital. Solutions. 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
Distribution, offices and application support available worldwide. 


* AD603 is gain range pin programmable 
** USD 1000s, recommended resale, FOB USA. 


t Outside U.S., please call 617-461-3392. 
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RAMDAC provides 64-bit video 
interface. The TVP3025 RAMDAC 
provides a complete back-end graphic 
system by interfacing a graphic con- 
troller device directly to VRAM. The 
device operates at speeds of 135, 175, or 
220, providing 24-bit true color at 
1024X768 resolution and 16-bit color 
at up to 1600X1280 resolution. The 
TVP3025-135PCE costs $23.75 (1000). 
Texas Instruments Inc, Denver, CO. 
(800) 477-8924 ext 4500. Circle No. 382 


Multifunction linear-voltage regu- 
lator extends battery life. The CS- 
8151 linear-regulator IC provides a sin- 
gle SV regulated output with a 100-mA 
current capability to power a micro- 
processor. A single external capacitor 
sets the reset-pulse width, wake-up fre- 
quency, and reset-to-wake-up delay 
time. A wake-up pulse train periodical- 
ly activates a pP to check for service 
requests. If the pP does not respond to 
the wake-up pulse, the device issues a 
reset signal. $1.56 (10,000). Cherry 
Semiconductor Corp, East Greenwich, 
RI. (401) 885-3600. Circle No. 383 


Embedded-system controller 
works with IDT’s R3051 32-bit RISC 
CPU. The GT-32011 provides a tightly 
coupled CPU interface; a DMA interface 
for an external coprocessor; a ROM con- 
troller for up to 20 Mbytes; a high-per- 
formance DRAM controller for up to 40 
Mbytes; a fully compliant IEEE 1284 
bidirectional Centronics interface; 
three high-performance DMA chan- 
nels, a 16-bit I/O bus, an I/O controller 
with various DMA, packing, and 
unpacking features; a 24-bit 
timer/counter; and other functions. 
$17.95 (10,000). Galileo Technology 
Inc, San Jose, CA. (408) 451-1400. 
Circle No. 384 


INTEGRATED CIRCUITS 


Single-chip SCSI designed for fast 
and low-cost SCSI-2 PCI adapter 
boards. According to the company, 
the $19.95 (1000) AM53C974A allows 
companies to quickly develop SCSI 
adapters at low cost. In addition to the 
chip, the company provides complete 
licensable SCSI software, an FCC-tested 
reference platform, and complete 
design support. The chip contains a 
fast SCSI-2 core, bus-master DMA 
engine, and PCI-Bus interface unit. 
Automatic SCSI device assignment pro- 
vides Plug-and-Play compatibility, sam- 
pling now. Advanced Micro Devices 
Inc, Sunnyvale, CA. (408) 732-2400. 
Circle No. 385 


16-bit delta-sigma ADC converts 
192 ksamples/sec. The ADC16471 
$11.50 (1000) with internal-voltage ref- 
erence and the 16071 $11.10 (1000) 
requiring an external-voltage reference 
have adjustable throughput rates of 7 to 
192 ksamples/sec. The converters 
include a fourth-order modulator, pro- 
vide 64 times oversampling, and 
include a linear-phase digital antialias- 
ing filter. The device dissipates 500 mW 
at the maximum sample rate and has a 
6.5 mW power-down mode. National 
Semiconductor Corp, Santa Clara, CA. 
(800) 272-9959. Circle No. 386 


Variable gain-control circuit on 
single IC. The EL4451C variable-gain 
amplifier has a 70-MHz bandwidth, a 
gain of two, and attenuation greater 
than 70 dB at 4 MHz. The bipolar IC 
operates on power supplies from +5 to 
+15V and has an analog-input range of 
+2V. The IC is designed for variable fil- 
ters, level controls, and automatic gain 
controls. Available in 14-pin P-DIP and 
14-lead SO packages,from $3.33 (1000). 
Elantec Inc, Milpitas, CA. (408) 945- 
1323. Circle No. 387 


Positive-to-negative dc-to-dc con- 
verter has 1.5 to 15V range. The 
TC7662B converter has an operating 
current of 80 wA and requires two exter- 
nal capacitors. The device can also be 
connected to function as a voltage dou- 
bler, multiplier, or divider. Available in 
an 8-pin DIP or SOIC package. $0.88 
(1000). Telcom Semiconductor Inc, 
Mountain View, CA. (415) 968-9241. 
Circle No. 388 


Complete current-sensing IC 
includes sense resistor in 8-pin SO 


package. The MAX471 uses an inter- | 
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practical and highly authoritative volume 
that examines design-philosophy, theory, 
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Packed with specific 
design examples of circuits! 


Radio Frequency Transistors: 
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Norman E. Dye and Helge O. 
Granberg, Motorola 

Written by two experienced RF design 
engineers, this new book is devoted to 
specific design examples of circuits. 

Jan. 1993 228pp. cloth 
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Achieve acceptable EMC performance 
at minimal cost! 


EMC for Product Designers 
Tim Williams 

Electromagnetic compatibility is 
becoming increasingly important in the 
design of electronic products. This book 
outlines how EMC design principles need 
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avoid cost and performance penalties. 

1992 272 pp cloth 
0 7506 94645 $42.95 (£24.95) 
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nal 35-m( resistor that mea- 
sures battery currents up to 
+3A with accuracy to 2%. 
The IC operates from 3 to 6V 
and draws less than 100 A. 
The MAX472 uses an exter- 
nal resistor for applications 
requiring higher current or 
greater precision at low cur- 
rent levels. From $1.90 
(1000). Maxim Integrated 
Products, Sunnyvale, CA. 
(408) 737-7600 ext6087. 
Circle No. 389 


20-bit delta-sigma ADC 
has 110-dB dynamic 
range. The CS5390 gener- 
ates a 20-bit value for two 
channels in serial form and 
samples at up to 50 kHz per 
channel. The converter uses 
a 64-times oversampled, 
fifth-order modulator to 
achieve its wide dynamic 
range. An on-chip digital 
antialiasing filter reduces 
external filter requirements 
to a single external RC filter 
per channel. The CS5390 is 
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packaged in a 28-pin DIP 
and costs $58 (1000). Crys- 
tal Semiconductor Corp, 
Austin, TX. (512) 422-7555. 

Circle No. 390 


Fax vodem controller 
operates on 3.3V. The 
GTM415_ replaces’ the 
GTM407 with new features 
and the ability to operate 
from 3.3, 5, or mixed-voltage 
systems. The new device 
offers higher speed and an 
improved baud-rate genera- 
tor and controls the fax, 
voice, data, and caller-identi- 
fication functions. Packaged 


in an 80-pin QFP or TQFP, 
the IC costs $11 (1000). 
Yamaha Systems Technolo- 
gy Division, San Jose, CA. 
(408) 437-3133. | 

Circle No. 391 


Dc-to-dc converter mini- 
mizes RF interference in 
portable communication 
products. The TK65015 
provides a 3V regulated out- 
put at up to 15 mA from 
input voltages as low as 0.9V. 
The IC issues a reset signal if 
the output falls below 2.4V. 
Low switching transients 
and a laser-trimmed internal 
oscillator minimize interfer- 
ence for communication sys- 
tems using a 455-kHz IF. 
$1.40 (1000). Toko America 
Inc, Mt Prospect, IL. (708) 
297-0070. Circle No. 392 


Two-chip set for PCMCIA 
flash-memory cards. The 
CL-ST1000 PCMCIA/ATA 
flash-memory controller and 


CL-ST2000 space managel 
simplify the creation of flash 
memory-based storage sys- 
tems that emulate rotating 
magnetic hard disk drives. 
The chips are available with 
a storage-card-reference 
design to reduce the time 
and cost of developing flash- 
memory cards. You can cre- 
ate a 2-Mbyte flash-storage 
card using the CL-ST1000, 
an 8-bit wP, and a flash- 
memory chip. Creating larg- 
er flash-storage cards also 
requires the use of the CLS- 
ST2000 space manager. Sam- 
ples of both chips will be 
available in the fourth quar- 
ter. $22 (1000). Cirrus Logic 
Inc, Fremont, CA. (510) 226- 
2147. Circle No. 393 


Fast-charge IC for NiMH 
and NiCd batteries fea- 
tures peak-voltage de- 
tection. The bq2002 has 
peak-voltage detection for 
fast-charge termination of 
NiMH batteries. The charger 


A NONTRADITIONAL APPROACH TO EMI 


Misconceptions about EMI? EDN’s DESIGNER’S GUIDE TO ELECTROMAG- 
NETIC COMPATIBILITY can help alleviate any electromagnetic interference 
problems you may encounter. With more than fifty years of collective experi- 
ence under their belts, Daryl Gerke and Bill Kimmel focus on practical insights 
and ideas about EMI to help you identify, prevent, and solve your EMI prob- 
lems as you design your equipment. 


Topics addressed include: noise and interference, EMI regulations, power dis- 
turbances, circuit boards, grounding, and troubleshooting. 88 pages. 


Please send me 


DESIGNER’S GUIDE TO ELECTROMAGNETIC 
COMPATIBILITY@ $19.95. 


Sales tax (orders shipped to these states 
must include applicable sales tax : 
CA, CT, MA, Nu, NY) 


Shipping: $3.50/copy (US), $15/copy (foreign) 
$3.00/additional copy 
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MICRO-CAP IV 30 
Analog simulation for the 
power-hungry designer. 


Now optimized for PowerPCs and Pentium systems. 


The 14-year tradition continues; we’ve made the best PC-based interactive CAE tool even better. Designed 
to exploit today’s most powerful PCs, MICRO-CAP IV Version 3.0 is optimized for PowerPCs (where it runs in 
native-mode) and Pentium-based machines. So it’s easier than ever to assume masterful 


ee 


= | control over analog circuit creation, simulation and edit-simulate tasks—even on 


ISIS IT 


Cr Tt 


Fravcient. Scape Monte Corio 
Sonoran nore 


large 10,000-node circuits. 

Now, aided by integrated Monte Carlo analysis, you'll march unchecked through 
yield and performance studies. Use MICRO-CAP IV’s improved convergence to subdue 
even the most difficult circuits. And enjoy time-saving features such as the ability to 
read, write and analyze SPICE text files and MC4 schematic files. Fully integrated 
schematic and text editors. Instant feedback plotting from real-time waveform display. 
Direct schematic waveform probing. And an interactive graphical interface that stream- 
lines each task. 

You'll take full command of modeling, too. With powerful analog behavioral 
modeling capabilities. Massive new libraries that put 6000-PLUS models at your 
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fingertips. And an Optimizing Model Generator eee cee comets ms | mmmnnmn 
that lets you quickly create new device models. — A 
Best of all, this major advance in performance f 
comes with no advance in cost; MICRO-CAP IV on sees oman: 
is still only $2495. Ask for a brochure and demo disk. And see why, in PC-based Sunnyvale, CA 94086 
analog simulation, there’s no better way to seize power. (408) 738-4387 FAX (408) 738-4702 
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} You might say we’ re ¢ bursting with 
pride. Paradigm i is proud to intro- 


duce the industry’s first family of 


high-speed, burst mode memories - | 


using CMOS: technolo sy. A family 
of 32K x9, 32K x 18, 64K x 18, and 

32K x 36 products that take you to 
the next generation of high-perfor- 
mance, pipelined, or non-pipelined 


cache memory. © 


And they enable you to enter the 
Pentium and Power PC arenas | 
with remarkably efficient and 
powerful products. 


Our patented CMOS process 

allows our engineers to provide — 
you with some of the highest per- 
formance SRAMs around. What’s 


a nore, ¢ our 1 proprietary process is 

4 highly scalable, making continued 
reduction in die size possible. The 
: result? Denser, faster and r more | 
| desirable products. 


So if you're looking to tact on the 


scene in Pentium or Power PCs, 


Burst — Pipelined Asynch 


Paradigm Technology, Inc.,71 Vista Montana, San Jose, CA 95134 1-800-767-4530 FAX: 408-954-0664 


Ail trademarks or registered trademarks are property of their respective owners, — 
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also terminates charge based on nega- 
tive-delta voltage detection for NiCd 
batteries. Fail-safe terminations include 
maximum temperature and maximum 
charge time. Other features include a 
charge-inhibit pin to temporarily dis- 
able fast charge, a low-power standby 
mode, battery-temperature and voltage 
qualification before fast charge, and 
pulse trickle and top-off charge control. 
$1.45 (S000). Development systems are 
$75. Benchmarg Microelectronics 
Inc, Carrollton, TX. (214) 407-0011. 
Circle No. 394 


Converter for battery-operated 
systems has low-battery detector 
and up to 88% efficiency. The 
LT1303 dc/dc converter is available in a 
fixed 5V, 200-mA version and an 
adjustable-output version that delivers 
up to 25V. The converter operates on 
1.8 to SV, with typical conversion effi- 
ciencies ranging from 80 to 88%, 
depending on the input voltage and 
load current. An integral low-battery 
detector provides an open-collector 
output that goes low when the input 
voltage drops below a level set by a resis- 
tor divider. Quiescent current is 120 
wA, and a shutdown pin reduces the 
current to 10 wA. The IC requires exter- 
nal surface-mount inductors and capac- 
itors. $2.42 (1000). Linear Technology 
Corp, Milpitas, CA. (408) 432-1900. 
Circle No. 395 


8-bit ADC samples at up to 750 
Msamples/sec. The SPT7750/55 flash 
converters have a proprietary input pre- 
amplifier that reduces input capaci- 
tance to 15 pF. A proprietary gray-code 
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output-decoding scheme limits 
metastable errors to less than 1 LSB. For 
a S0-MHz analog input, the typical S/N 
ratio is 47 dB, and the typical THD is 46 
dB. To simplify capturing the output 
data, the converters have two indepen- 
dent, demultiplexed output-data 
banks, reducing the data rate to one- 
half the conversion rate. The input volt- 
age range is —2 to OV. Operating from a 
-5.2V supply, the converters dissipate 
5.SW and use ECL-compatible levels. 
The SPT7750 costs $295 (100), and the 


How to escape 
He Limits of the 


VHDL world! 


CIRCLE NO. 91 


SPT7755 costs $495 (100). Signal Pro- 
cessing Technologies Inc, Colorado 
Springs, CO. (719) 528-2300. 

Circle No. 396 


Power-interface switch for PCM- 
CIA cards integrates all discrete 
transistors. The TPS2201IDF inde- 
pendently switches the power supplied 
to one or two cards among 3, 5, and 
12V. The switch uses an internal charge 
pump to create the higher voltages to 


* 
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drive switches, allowing the 
system to shut down the 12V 
supply, except when 
required for writing or eras- 
ing EEPROM. The switch IC 
also has current- and ther- 
mal-protection circuitry, 
eliminating the need for 
external protection circuits. 
$6.67 (1000). Texas Instru- 
ments Inc, Denver, CO. 
(800) 477-8924 X4500. 
Circle No. 397 


3.3V, 256-kbit RAM has 
15-nsec access. The 
TC55V328P/J 32kx8-bit 
RAM is available with access 
times of 15, 20, and 25 nsec. 
Operating current is 100 mA 
for the 15-nsec versions, 
dropping to 80 mA for the 
25-nsec version. Two stand- 
by modes draw 20 mA 
Ljaand. 300 (24. 1..5< [he 
memory chips are available 
in 28-pin DIP or SOJ pack- 
ages. Sample prices are $5.50 
for the 15-nsec version to 
$4.50 for the 25-nsec ver- 


he. 
D68 Series 4 


¢ Anti-Alias 


¢ Noise Elimination 
¢ Signal Reconstruction 


* Compact size reduces board space 


requirements. 


* Plug-in ready-to-use, reducing engi- 
neering design and manufacturing cycle 


time. 


¢ Factory tuned from 10 Hz to 100 kHz, no 
external clocks or adjustments needed. 
* Low harmonic distortion and wide sig- 
nal-to-noise ratio to 16 bit resolution for 


precision performance. 


¢ Broad range of transfer characteristics 
to meet a wide range of applications. 


(Tf 
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FREQUENCY 
NEVICES 


sion. Toshiba America Elec- 

tronic Components Inc, 

Irvine, CA. (800) 879-4963. 
Circle No. 398 


12-bit, 600-ksample/sec 
ADC offers low power 
and low cost. The AD7892 
consumes 60 mW from a 5V 
supply and costs $12.75 
(1000). A sleep mode further 
reduces power consumption 
to 1.25 mW. The converter 
includes a track-and-hold 
amplifier, a voltage refer- 
ence, control logic, and par- 
allel and serial interfaces for 
connection to wPs, wCs, and 
DSPs. Three input-voltage 
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ranges are available: +5 or 
+10V, 0 to 2.5V, and +2.5V. 
The device comes in 24-pin 
DIP and SOIC packages. 
Analog Devices Inc, Wilm- 
ington, MA. (617) 937-1428. 

Circle No. 399 


256k <8-bit, burst-mode 
DRAM challenges VRAM. 
The V53C8257H DRAM has 
a 15-nsec burst cycle for 
pixel data, plus a 20-nsec 
hyperpage and extended- 
data-out cycle time. 
Although the burst-mode 
DRAM permits a slightly 
higher data rate than the 
fastest VRAM, 64-bit graph- 
ics accelerator designs can 
still gain a 10 to 20% bench- 
mark performance advan- 
tage for VRAMs by taking 
advantage of their dual 
ports. The cost for VRAM is, 
however, significantly high- 
er than for this DRAM. $9 
(1000). Mosel Vitelic, San 
Jose, CA. (408) 433-6000. 
Circle No. 400 


FOR USE WITH A/Ds up To 16 Bit 


Call Us Today at (508) 374-0761 
25 Locust Street * Haverhill, MA 01830 


FAX (508) 521-1839 


CIRCLE NO. 92 


Amp (dB) 


-100 ' 
0.1 0.15 0.5 1 AS 5 10 


Low-Pass Frequency Response © 


Power-factor-correction 
preregulator IC uses zero 
voltage transition. The 
UC3855A/B accommodates 
switching frequencies up to 
500 kHz with the addition of 
a small MOSFET, a diode, 
and an inductor. The 
device’s active snubbing fea- 
ture makes it effective in 
boost power-factor-correc- 
tion applications. The IC 
turns off the main diode at a 
controlled rate and activates 
the main switch with OV 
across it, allowing the device 
to work at high frequencies 
and use smaller magnetics. 
The device also features 
fixed-frequency and average 
current-mode control. $4.45 
(1000). Unitrode Integrat- 
ed Circuits Corp, Merri- 
mack, NH. (603) 424-2410. 
Circle No. 401 


Single-chip decoder for 
MPEG-2 compressed 
data. The MPEG-2 decoder 
suits full-motion digital 


Hic Precision DIP Fixep FRequency Active FILTERS: 


Available 8-Pole 


0.1 0.15 05 1°15 5 10 


-80 


NORMALIZED FREQUENCY (f/fc) 


Available 8-Pole 


High-Pass Frequency Response 
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Handles transparencies and cover stock 


Magnification 


Optional interface makes 
NC5006 a color scanner/printer 


Color Balance 
eliminates guesswork 


Image Repeat 


Ricoh transforms color copying | 


digital col 
, of capabilities will astound 
you. Like the world’s 

fastest first copy —19 

seconds. The world’s 


Free 
Video 


© 1994 Ricoh Corporation 


Directional Size 


nto an art form. 


Introducing the world’s most efficiently designed 
or copier — the RICOH NC5006. Its palette 


Increases 
Impact 


AAs this study shows, 
color graphics, pictures and text 
cam greatly enhanc the ability 
of any document to 
communicate effectively. 


Turns business reports into 
communication masterpieces 


SOR et 


ee 


Makes copies from 
slides or 4x5 chromes 


CE ARTIST 


smallest toner particles — for the hig 


hest quality color 
copies. And the world’s first Display Editor — for 


unmatched editing creativity. The NC5006 is truly a 
masterpiece of technology. 


For a private showing, 


call 1-800-63-RICOH and | 
we'll send you a free video. USA voteyoot oan 


Official Copier and Fax 


1-800-63-RICOR 
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@ Dual Isolated Outputs (standard) 

@ Up to 100 VDC Output (standard) 
Fixed Frequency @ Parallel Operation 
@ » Wide Input Ranges 1 8-380 VDC 

ae @ Regulated Outputs 

@ Continuous Short Circuit Protection 

_ @ Low Cost 


Single and Dual 


Power Factor 
Front End 


for AC to DC 
applications 


HARMONIC ATTENUATOR 


@ Power Factor .99 
® Efficiency greater than 90% 
@ Universal Input (85-260 VAC) 
@ Up to 500 Watts 

e Regulated Voltage Output (365 VDC) 


aacmaes 


e Meets 704D Input Specifications 
e Environmental Testing Available 


® MIL STD 883 @ MIL STD 810 
Selected Screening 


-@ Operating Temp. —55°C to + 85°C 
e Dual Isolated Outputs (standar d) e Dual Outputs @ Up to 100 VDC Output 
@ Up to 100 VDC Output (standard) _ @Hi-Temp Full Power Burn-in Available 
e Fixed Frequency/Parallel Operation _ @ Special Output Voltages Available 
@ Wide Input Ranges 18-380 VDC ae 

® Continuous Short Circuit Protection 

e Regulated Outputs @ Low Cost 


Single and Dual 


13 Watt 
Mint Modules % 


@ Miniature Size 


ICO Electronics, Inc. 


Send for FREE PICO Catalog 453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 


in New York Phone 914-699-5514 
FAX 914-699-5565 
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video applications. The IC decompress- 
es MPEG-1 or -2 digital video informa- 
tion in compliance with the ISO stan- 
dard for MPEG-2, Main Profile at Main 
Level, and CCIR601 resolution. The 
3.3V device draws 1W and comes in a 
208-pin QFP. $98 (1000). IBM Micro- 
electronics, Fishkill, NY. (800) 426- 
0181, ext 1501. Circle No. 402 


Low-power 10-bit DAC has voltage 
output. The MAX503/504/515 volt- 
age-output DACs have an output set- 
tling time of 25 psec. The parallel-input 
MAXS03 has an internal voltage refer- 
ence and draws 250 wA from a +5 or 
+5V supply. The serial-input MAX504 
also has an internal voltage reference 
and draws 260 wA from a 5V supply. 
The serial-input MAX515 works with 
an external reference and draws 140 pA 
from a SV supply. The DACs are pin- 
and software-compatible with the com- 
pany’s 12-bit voltage DACs. From $2.50 
(1000). Maxim Integrated Products, 
Sunnyvale, CA. (408) 737-7600, ext 
6087. Circle No. 403 


Four telecommunications ICs tar- 
get personal communicators. The 
monolithic microwave chips are 
designed around a JFET process for the 
1.9-GHz band and 3V operation. The 
CXG1002M $2.75 (100,000) is an 
antenna switch for transmitter and 


receiver signal switching. The 
CXG1003M $2.20 (100,000) is a low- 
noise amplifier for use with an external 
mixer. The CXG1004M_ $2.20 
(100,000) is a mixer with low noise and 
high gain. The CXG1005MC $9.90 
(100,000) is a linear power amplifier. 
Sony Electronics Inc, San Jose, CA. 
(800) 288-7669. Circle No. 404 


Electrometer-grade op amp avail- 
able in low-cost package. The 
OPA129 op amp is available in 8-pin 
DIP and SO-8 packages. A 100-fA max- 
imum input-bias current makes the op 
amp suitable for high-impedance sen- 
sors, low-drift integrators, pH-probe 
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amplifiers, and ion-gauge measure- 
ments. Other specifications include a 2- 
mV max offset voltage, 10-~V/°C max 
drift, and 15-nV/VHz noise level at 10 
kHz. $3.15 (100). Burr-Brown Corp, 
Tucson, AZ. (602) 746-1111. 

Circle No. 405 


Multifunction 1/O-interface chip 
for PCMCIA operates on 3.3 or 5V. 
The PCM16C00 meets the proposed 


PCMCIA multifunction standard for 
PCMCIA-card designs. The circuit sup- 
ports any two I/O functions and mem- 
ory. Power-management features let 
you turn off or select sleep mode for 
one or both functions. The IC also sup- 
ports hot-swapping, avoiding the need 
to reboot the system after changing 
PCMCIA cards. The IC comes in a 144- 
pin TQFP and costs $15 (1000). Nation- 
al Semiconductor Corp, Santa Clara, 
CA. (800) 272-9959. Circle No. 406 


books that work the way you work 


Analog Circuit Design: 


Art, Science, Personalities 
Jim Williams, Linear Technology Corp., Editor 
"If you do any analog circuit design, buy this book!...The well- 
indexed volume ... provides a picture of analog design, in all its 
diversity, as a way of thinking and a way of approaching problems." 
Dan Strassberg, EDN 
1991 352pp. clth 07506 91662 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 
Troubleshooting Analog Circuits 


Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 


box, system, or IC level." 


Electronic Design 


1991 208pp. cloth 0 7506 9184 0 $32.95 (£19.95) 


Loaded with practical information 


Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
This is a comprehensive reference on proper selection, specification 
and application guidelines from one of the world's largest sealed-cell 
manufacturers. May 1992 432pp. cloth 0 7506 9227 8 $49.95 (£38.50) 


The EDN Series for Design Engineers 


In the U.S. 
for more information 
or to place an order call 


1-800-366-2665 
M-F 8:30-4:30 E.T. 
Fax 617-279-4851 


BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 


In Europe, order from: 
Reed Book Services Ltd. 
Special Sales Department 
P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 
Please quote "Cahners 13.89" 


CAHNERS 13.89 
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Use our postage-paid reader-service 


cards to get more informati 
___ my of these products. 


Dynamic system simulator fea- 
tures expanded tool-suite li- 
braries. The SystemView simulator for 
high-level design and analysis of analog 
and digital systems now offers optional 
libraries for communications, DSP, and 
logic applications, as well as a user- 


Our Performance 
... Ls Matchless! 


Ecliptek Introduces the ECCM2 2.5 MM 


definable extendible token library. The 
communication-library option pro- 
vides a set of tools for designing and 
simulating communication systems. 
The model can include error-correcting 
codes, baseband pulse shaping, modu- 
lation, channel models, demodulation, 
error correction, and data recovery. 
Using the tool, you can produce bit- 
error-rate curves in a single run. The 
Windows-based simulator costs $2450. 
Elanix Inc, Westlake Village, CA. (818) 
597-1414. Circle No. 407 


Ceramic SMT Crystal for PCMCIA 


¢ Designed For All PCMCIA Applications 

¢ Common Chipset Specifications In Stock 

e Frequency Range From 3.500MHz to 70.000MHz 
¢ Tape And Reel Standard For Automatic Insertion 


Crystals * Clock Oscillators « Inductors 


To Access All Ecliptek Current Data Sheets, 
& Our Fax-On-Demand System 


1-800-ECLIPTEK 


ECLIPTEK 


Fax: (714) 433-1234 


2 NSE CO IPOIRATION 3545 Cadillac Ave. * Costa Mesa, CA 92626 


CIRCLE NO. 88 
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FPGA and ASIC logic-synthesis 
tools accommodate hierarchical 
designs. The ViewSyn/FPGA and 
ViewSyn/ASIC logic-synthesis tools 
accept register-transfer-level, Verilog, 
and VHDL design descriptions. Both 
tools use the Motive static-timing 
engine. ViewSyn/FPGA includes opti- 
mization to vendor-specific field-pro- 
grammable gate-array (FPGA) mapping 
and costs $8000 under Workview Plus 
and $10,000 under Powerview. 
ViewSyn/ASIC provides technology- 
independent and -specific optimiza- 
tion using vendor cell libraries. 
ViewSyn/ASIC costs $12,000 less than 
Workview Plus and $15,000 less than 
Powerview. Shipments will begin in the 
fourth quarter. Viewlogic Systems Inc, 
Marlboro, MA. (508) 480-0881. 

Circle No. 408 


Company offers three versions of 
its pc-board design software. The 
MaxEDA product is now available in 
three versions. The Bronze edition 
($2995 for Windows) offers interactive 
component placement and routing. 
The Silver edition ($5995 for Windows, 
$7195 for Windows NT) suits analog 
and RF pc boards. The Gold edition 
($9550 for Windows, $11,460 for Win- 
dows NT) offers autorouting control 
and suits fast, high-density designs. 
Massteck Ltd, Littleton, MA. (508) 
486-0197. Circle No. 409 


Formal verification tool includes 
support for Vital Level 1 structur- 
al VHDL. The VFormal version 2.1 tool 
lets you verify whether two VHDL 
design descriptions are equivalent. The 
tool creates a formal mathematical 
proof that two synchronous VHDL 
descriptions are functionally equiva- 
lent for every set of legal inputs and 
internal states. Using the tool, you can 
find all the differences between a 
known-good implementation of logic 
and a new implementation. Available 
in the first quarter of 1995, the software 
will cost $60,000. Compass Design 
Automation, San Jose, CA. (408) 433- 
4880. Circle No. 410 


NewTitles in the 


EIDINI 


SERIES FOR DESIGN ENGINEERS 


Simplified Design 
of Linear Power 
Supplies 


John D. Lenk 


¢ No previous design experience is required to 
use the techniques described 


All popular forms of linear supplies are covered in 
detail (including zener, 3-terminal, feedback, 
current foldback, op-amp, series, shunt, and IC 
package) 


Simplified Design of Linear Power Supplies is an all- 
inclusive, one-step guide to linear power supply 
design, using step-by-step instructions and diagrams. 
The first half of the book describes how linear power 
supplies operate and explains what is required to 
design such supplies. The second half provides 
specific design examples, using the techniques 
described in the first half. The basic approach is to 
start design problems with approximations for trial- 
value components in experimental circuits, then to 
vary the component values until the desired results 
(input/output, voltage and current, line and load 
regulation, ripple rejection, noise, etc.) are produced. 
The design examples can be put to immediate use as 
is, or can be modified to meet a specific design goal. 


CONTENTS 

Linear Power Supply Basics ¢ Heat Sinks for Linear 
Power Supplies ¢ Discrete Feedback-Regulator 
Basics ¢ Linear Regulator Basics * Op-Amp Linear 
Regulator Basics ¢ Linear Supply Testing and 
Connections ¢ Linear Supply Design Examples 


August, 1994 ¢ 240 pp. * hardcover 
isbn 0-7506-9506-4 * $29.95 


Power 


Supply 
Cookbook 


Marty Brown 


¢ Provides easy-to-follow, step-by-step procedures 
for every phase of power supply design 


e Trains the technician or engineer, regardless of 
their discipline, to complete a complicated power 
supply design in less than one day 


The Power Supply Cookbook is organized in such a 
way as to permit you to design a complicated power 
supply to fit your needs in less than eight hours. It 
covers every phase of design from magnetics design 
and feedback loop compensation design to RFI/EMI 
control. In addition, this practical reference provides 
common industry design approaches with explana- 
tions for ease of implementation. No other book 
discusses the noise and layout issues involved in a 
design and then weaves its importance into practical 
design examples. 


CONTENTS 

The Role of the Power Supply within the System and 
the Design Program ¢ Basic Linear Regulator 
Operation ¢ Pulsewidth Modulated Switching Power 
Supplies ¢ Quasi-resonant Switching Power Supplies 
¢ Appendices 


August, 1994 ¢ 248 pp. ¢ hardcover 
isbn 0-7506-9442-4 * $39.95 


313 Washington Street 
Newton, MA 02158 


Call Toll-Free 1-800-366-2665 
(M-F, 8:00-6:00 EST) 
Call today to place your order on 30 day approval. 


Return your purchase within 30 days if not completely satisfied. 
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“You need only a resistor to convert a voltage to a current, but to convert 
accurately, the resistor voltage must ignore the load voltage.”’ 


TO . 
PR 2cks < A Designer’s Guide to Precision DC Current Sources 
SOURCES 


“A variety of tricks and techniques enhance the basic 
linearity, sensitivity, and stability of Wheatstone bridges.” 


A Designer’s Guide to Bridge Circuits > 


A DESIGNER’S GUIDE TO | 
PRECISION DC CURRENT SOURCES'- BRIDGE CIRCUITS 


BY JERALD GRAEME BY JIM WILLIAMS 
This 3-part designer’s guide shows you the fine art of Bridge circuits are among the most elemental and powerful 
designing, analyzing, and trimming accurate, stable dc current tools a designer has. They are used in measurement, switching, 


sources. This original, 18-page collection by Jerry Graeme—a oscillator, and transducer applications. If you’re interested in 
prolific author on the subject of analog design—offers a wealth — learning about bridge circuits from Jim Williams—a specialist 
of information on how current sources work and how to analyze __in analog-circuit and instrumentation design—now’s your 


basic current-source circuits. chance. Order you own copy of EDN’s Designer’s Guide to 
Jerry Graeme discusses and analyzes several circuits that use Bridge Circuits. This guide will help you choose anid design the 
pairs of op amps. One of these circuits produces positive and circuit that’s most appropriate for your application. In the first 
negative current, which you can adjust through zero current. part of this guide, you’ll learn about dc and pulsed methods for 
The Designer’s Guide also shows you how to control current bridge-circuit signal conditioning. In the second part, Jim 
sources digitally. You'll find out that a current-output digital- describes ac-driven bridges, which you’ll find in specialized 
to-analog converter may not be the best choice for a current applications. Also included in this section are guides to 
source. distortion measurements and bridge interfaces. 


CALL TOLL-FREE 800/523-9654 OR MAIL COUPON TO: CAHNERS REPRINT SERVICES, 
1350 E. TOUHY AVE., DES PLAINES, IL 60018. FAX: 708/390-2779. U.S. CURRENCY ONLY. 
Please print clearly. 


Please send the following: 
é Cl Check Enclosed C] VISA | Mastercard CI AMEX 


| 

| 

| 

! ____ copies of A Designer’s Guide to Precision DC Current 
| Sources $12.25 
| 

| 

| 

| 

| 


Credit Card # Exp.date 
Signature 
copies of A Designer’s Guide to Bridge Circuits $12.25 0. 
copies of the combined set of A Designer’s Guide to Name 
Precision DC Current Sources and A Designer’s — Company 
Guide to Bridge Circuits $17.25 Address (No P.O. Box) 
Note: All prices above include shipping & handling. City State Zip 
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| Te CHANEL 4.0 Amps Output ; 
EL7104 EL/7114 


inverting 
w Isolated Drains 
g 20 ns Switching Time 
mw $1.87 — 1000’s P-DIP 


Non-Inverting 
w Isolated Drains 
= 20 ns Switching Time 
mw $1.87 — 1000’s P-DIP 


3-State Line Driver/ Dual Input Line Driver, 
4.0 Amps Output 
EL/134 EL/144 


m 20 ns Prop Delay 
= 20 ns Switching Time 
$2.29 — 1000’s P-DIP 


= 20 ns Prop Delay 
= 20 ns Switching Time 
m $2.29- 1000's P-DIP_ 


CCD Driver/ Dual enarta 3-State Line iver 
EL/182 EL/232 


m Reduced Clock Skew 
= 20 ns Switching Time 
pal a 52 - 1000’s P-DIP 


= 20 ns Prop Delay 
= 20 ns Switching Time 
m $2.14 — 1000’s P-DIP 


CMOS ars ; 


om CURE 2, 0 7 ouput 
EL7202 EL7212 EL/222 


Non-Inverting inverting Complementary 


w 20 ns Prop Delay = 20 ns Prop Delay = 20 ns Prop Delay 
m 20 nsSwitch. Time m20nsSwitch.Time sm 20 ns Switch. Time 
= $1.87 - 1000’s P-DIP m $1.87 -1000’s P-DIP m $1.87-1000’s P-DIP — 


Dual Channel/ Dual Input, 2.0 Amps 
EL/252 


= 20 ns Prop Delay 
= 20 ns Switching Time 
m $2.14 — 1000’s P-DIP 


= 20 ns Prop Delay 
= 20 ns Switching Time 
$2.14 — 1000’s P-DIP 


Dual Channel - Isolated Drains, 2.0 Amps 
EL/262 EL/272 


m 20) ns Prop Delay 
= 20 ns Switching Time 
a leeks: — 1000’s P-DIP 


m 20 ns Prop Delay 
= 20 ns Switching Time 
m $2.14 — 1000’s P-DIP 


| haplications: ¢ Clock Drivers * Line Drivers * CCD Drivers * Ultrasound Transducer Drivers * Switching Power : 
Supplies + Bus Driver * Motor Control * Charge a * Pin Drivers ¢ Shea Ds hae: r 


-_. . ¢ Resonant Charging om eveee’ i 1g 
q FOR SAMPLES CALL OUR APPLICATIONS HOTLINE - (800) 2 


_ : EL ANTEC, INC. = 1996 Tarob Court 


_ Authorized Distributors: Marshall Industries 


Nu Horizons 


34 ext LL For Literature Only- ext 234 § 
Milpitas, CA 30035 (408) 945 1323 » (800) 333-6314 = FAX (408) 945 9305 


Gerber Electronics 


+ Insight Electonics 


CMOS Power Databook Now Available! 
CIRCLE NO. 34 


Maneaciare bisle -resolution solor 
display designed for the virtual- 
reality market. The EX100HD is a 1- 
in. display that uses the company’s pi- 
cell technology and color shutters. The 
display’s heads weigh 5.3 oz and have a 
spot size of less than 1.5 mils. The mul- 
tiscaning display has a typical resolu- 
tion of 640480 pixels noninterlaced. 
You can configure the display to run at 
1280960 pixels interlaced. The moni- 
tor locks to any horizontal frequency of 
60 to 120 kHz and any vertical fre- 
quency from 150 to 200 Hz. $9750. 
Tektronix Display Products, Beaver- 
ton, OR. (800) 835-9433 ext 5000. 
Circle No. 411 


Portable multimedia PC uses 90- 
MHz Pentium processor. The 
Regal/Multimedia/P90 has a 10-in.- 
active-matrix TFT color screen, 8 
Mbytes of RAM, a 512-kbyte cache, a 
420-Mbyte hard disk, a 1.44-Mbyte 
floppy-disk drive, a CD-ROM drive, a 
sound card, and speakers. $5699. Micro 
Express, Santa Ana, CA. (714) 852- 
1400. Circle No. 412 


PCMCIA Ethernet adapter drops 
price to $249. The EA903 uses a Type 
II PCMCIA socket and is compatible 
with both 10BaseT twisted-pair and 
10Base2 thin-coaxial cable. NE2000 
compatibility lets the unit work with 
the certified drivers that are included 
with most network-operating systems. 
Socket Communications Inc, Hay- 
ward, CA. (510) 670-0300. 

Circle No. 413 


Multiprocessing SPARCstation-20- 
compatible workstations. The mul- 
tiprocessing SuperCOMPstation 20A 
desktop and deskside workstations are 


available in four models. The 20A-502 
MP workstation has dual 50-MHz 
SuperSPARC processors. The devices 
provide estimated performance of 69 
SPECint92 and 78 SPECfp92 for each 
CPU. An entry-level desktop configura- 
tion starts at $13,370 and includes a 2- 
D/3-D TurboGX graphics accelerator, a 
20-in.-color monitor, 32 Mbytes of 
RAM, and a 520-Mbyte hard drive. 
Tatung Science & Technology Inc, 
Milpitas, CA. (408) 383-0988. 

Circle No. 414 


VISUAL 


DESIGNER 


BEYOND PROGRAMMING. 


Acquire Your Data in Just Two Siens 


Create the applications you need— 
without programming! Visual 
Designer is a revolutionary, new soft- 


ware development tool. With it you'll save days, 
weeks, even months of development time. To create your 
application just select the appropriate function blocks, and then connect them 


COMPUTERS & PERIPHERALS 


CD-recorder operates at double 
speed. The CDD522 has a 2-Mbyte 
cache buffer that is upgradable to 32 
Mbytes. The recorder meets Orange 
book standards and records and plays 
back at single or double speed for all CD 
formats including CD-ROM, CD-ROM 
(XA), CD-I, CD-Audio, CD-Bridge Mul- 
tiSession, CD-Video, and Photo CD. 
The unit has a SCSI-2 interface and 
costs $3899. Philips Laser Magnetic 
Storage, Colorado Springs, CO. (719) 
593-7900. Circle No. 415 


with your mouse. Test, measurement, control, streaming data to disk, spectrum 
analyzers, strip chart recorders, instrument panels—and much more. It’s that simple. 


Your Complete Solution $995! 


Buy Visual Designer and our new low-cost data acquisition board 
by Dec. 30, 1994 and save $455! You'll get Visual Designer, < 
the PCI-20428W and a termination panel for just $995. Best 
of all, the board comes complete with a lifetime warranty. 


Mail: 


INTERNATIONAL OFFICES: 
France * Germany « Italy * Japan * United Kingdom 


Visual Designer™, Intelligent Instrumentation, Inc.; 


INTELLIGENT 
l INSTRUMENTATION” 


A Burr-Brown Company 


Order Today! 
Call (800) 685-9911, Operator 623 


Fax: Attention 623 (602) 573-0522 
Intelligent Instrumentation 
Order Desk 623 


6550 S.Bay Colony Dr., MS130 Moone 
Tucson, AZ 85706 COMPATIBLE 


® 


Windows®, Microsoft Corporation. 


CIRCLE NO. 89 


TCP/IP file-transfer soft- 
ware works with FTP. The 
NetWizard file-transfer soft- 
ware provides a graphical 
user interface, encryption, 
compression, access control, 
batch operation, and firewall 
support. The software works 
with SunOS 4.1.X, Solaris 
2.X, and HP 9000/700 Series 
HP-UX 9.01. $495 until year- 
end, $995 after. Microlink 
Technologies Inc, Davis, 
CA. (916) 757-1180. 

Circle No. 416 


Data/fax modem with 
voice messaging on a sin- 
gle PCMCIA Type II card. 
The NovaModem 144 is a 
14400-bps data/fax modem 
that comes with software for 
data, fax, voice, and wireless 
communications. The wire- 
less software lets you send 
alphanumeric messages 
through paging services. The 
modem provides V.42 LAPM 
and MNP 2 to 4 error correc- 
tion, V.42bis and MNP5 data 


compression, and MNP 10 
for enhanced data through- 
put. $269. NovaLink Tech- 
nologies Inc, Fremont, CA. 
(S10) 249-9777. 

Circle No. 417 


ISA bus passive-back- 
plane enclosure has four 
slots. The 4400 passive- 
backplane enclosure pro- 
vides four full-length ISA 
expansion slots and space for 
three 3.5-in. peripherals. The 
enclosure has _ filtered-, 
forced-air cooling and a 
100W power supply. All con- 
figurations are UL, CSA, and 
FCC compliant and have a 
two year warranty. $232 


IPUTERS & P 


(OEM). I-Bus division of 
Maxwell Laboratories, San 
Diego, CA. (619) 569-0646. 

Circle No. 418 


Printer sharing devices 
work with six LAN oper- 
ating systems. The Netjet 
and Netque printer-sharing 
devices allow workstations 
on networks using different 
protocols to have direct 
access to the same printers. 
The devices support IBM’s 
LAN Server, Microsoft’s LAN 
Manager, Novell Netware, 
Apple EtherTalk, Digital- 
licensed LAT, and UNIX- 
TCP/IP. Netjet works with 
HP printers or plotters and 
costs $499. Netque works 
with any printer or plotter 
and costs $599. Emulex 
Corp, Costa Mesa, CA. (714) 
662-5600. Circle No. 419 


Server-based frame-re- 
lay technology. The Uni- 
versal Frame-Relay Access 


Device (UFRAD) uses a net- 
work-interface card and 
frame-relay software to let a 
Unix-based application serv- 
er provide multiprotocol 
frame-relay access and 
switching along with point- 
to-point protocol (PPP) 
access. The technology is 
available for Sun Sparc and 
Solaris x86 computers. Costs 
range from $2560 to $4495. 
Adax Inc, Berkeley, CA. 
(S10) 548-7047. 

Circle No. 420 


Flash-file system sup- 
ports FFS and FTL PCM- 
CIA-approved standards. 
Manufacturers of PCMCIA 
products need flash-file sys- 
tem software that is compat- 
ible with FFS and FTL stan- 
dards to provide the greatest 
system flexibility. CardTrick 
works with both and costs $6 
(S00) to $1.50 (25,000). 
Datalight, Arlington, WA. 
(206) 435-8086. 

Circle No. 421 


The world’s most advanced 


DC/DC converter? 


(1.80" x 0. : 
oe a 7 watts 


4 500 Vde isoleuion 
MTBF more than 400 years — 


A weight range of only. 
15-20 grams (0.52 - 0.71 oz. 


Suitable for automatic pla 


_- through hole or ‘surface mot 


ver sions | 


Ericsson Components, Inc. 
403 International Parkway, Richardson, TX 75081 
fel: (214) 997-6561 or (214) 669-9900 Fax: (214) 680-1059 


= MacroDens™ PKF DC/DC Converter 


ERICSSON 


CIRCLE NO. 94 
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UPS Standard UPS Expedited UPS Express 


How small a continent do you want to make it? 


UPS just made doing business in North America more manageable than ever before. Because 
depending on your schedule and budget, you can now choose between three levels of door-to-door 
service from the United States to either Canada or Mexico: from Standard to Expedited to overnight 
Express. All of which offer tracking, customs clearance and shipment pricing. 

Just tell us when your packages need to get there and we'll be happy to adjust the size of F:'se— 
the continent accordingly. For more information on how we can tailor North America for 
you, simply call us at 1-800-PICK-UPS. The package delivery company more companies count on:" 


© 1994 United Parcel Service of America, Inc. 36 USC 380 
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New Titles in the 


EIDIN 


SERIES FOR DESIGN ENGINEERS 


Simplified Design 
of Lmear Power 
Supplies 


John D. Lenk 


e No previous design experience is required to 
use the techniques described 


All popular forms of linear supplies are covered in 
detail (including zener, 3-terminal, feedback, 
current foldback, op-amp, series, shunt, and IC 
package) 


Simplified Design of Linear Power Supplies is an all- 
inclusive, one-step guide to linear power supply 
design, using step-by-step instructions and diagrams. 
The first half of the book describes how linear power 
supplies operate and explains what is required to 
design such supplies. The second half provides 
specific design examples, using the techniques 
described in the first half. The basic approach is to 
start design problems with approximations for trial- 
value components in experimental circuits, then to 
vary the component values until the desired results 
(input/output, voltage and current, line and load 
regulation, ripple rejection, noise, etc.) are produced. 
The design examples can be put to immediate use as 
is, or can be modified to meet a specific design goal. 


CONTENTS 

Linear Power Supply Basics ¢ Heat Sinks for Linear 
Power Supplies ¢ Discrete Feedback-Regulator 
Basics ¢ Linear Regulator Basics e Op-Amp Linear 
Regulator Basics ¢ Linear Supply Testing and 
Connections ¢ Linear Supply Design Examples 


August, 1994 ¢ 240 pp. * hardcover 
isbn 0-7506-9506-4 * $29.95 


Power 


Supply 
Cookbook 


Marty Brown 


¢ Provides easy-to-follow, step-by-step procedures 
for every phase of power supply design 


e Trains the technician or engineer, regardless of 
their discipline, to complete a complicated power 
supply design in less than one day 


The Power Supply Cookbook is organized in such a 
way as to permit you to design a complicated power 
supply to fit your needs in less than eight hours. It 
covers every phase of design from magnetics design 
and feedback loop compensation design to RFI/EMI 
control. In addition, this practical reference provides 
common industry design approaches with explana- 
tions for ease of implementation. No other book 
discusses the noise and layout issues involved in a 
design and then weaves its importance into practical 
design examples. 


CONTENTS 

The Role of the Power Supply within the System and 
the Design Program ¢ Basic Linear Regulator 
Operation * Pulsewidth Modulated Switching Power 
Supplies * Quasi-resonant Switching Power Supplies 
e Appendices 


August, 1994 © 248 pp. * hardcover 
isbn 0-7506-9442-4 ¢ $39.95 


313 Washington Street 
Newton, MA 02158 


Call Toll-Free 1-800-366-2665 
(M-F, 8:00-6:00 EST) 
Call today to place your order on 30 day approval. 


Return your purchase within 30 days if not completely satisfied. 
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Shareware utility libraries for 
assembly and Basic languages. The 
ASM Utility library has 503 public 
domain and shareware products for 
assembly language programmers. The 
VBDOS/QB/PDS Utility library has 253 
public domain and shareware Basic- 
language products for programmers 
using Visual Basic for DOS, Quick Basic, 
and PDS. Each library costs $59.50 and 
is available in either 1.44-Mbyte disks 
or CD-ROM. EMS Professional Share- 
ware, Olney, MD. (301) 924-3594. 

Circle No. 422 


Low-cost microcontroller board 
based on the PIC16C5X. The SXT-55 
costs $124.95 and accommodates PC- 
XT 8-bit type I/O modules. The micro- 
controller board is designed for stand- 
alone applications that can’t use a PC 
host because of cost, size, or power 
restrictions. In addition to two PC bus 
connectors, the board has programma- 
ble switches and LEDs, TTL-level input 
and output lines, and interface circuit- 
ry for direct connection to industry- 
standard LCD displays. Unified 
Microsystems, Slinger, WI. (414) 644- 
9036. Circle No. 423 


DSP boards for ISA and PCI buses 
have DSP56002 24-bit fixed-point 
DSP. The Eagle-56 is available in 40- 
and 66-MHz versions and is designed 
for speech processing, digital audio, 
and multimedia applications. The 
board provides four banks of 64kx24- 
bit zero wait-state SRAM, two 16-bit 
stereo Codecs, and high-speed parallel 
host interfaces. The board is capable of 
independent operation for embedded 
applications. Including Windows- 
based debugger, loader, and test utili- 
ties, the 40-MHz version is $2695, and 
the 66-MHz version costs $3695. 
Momentum Data Systems Inc, Costa 
Mesa, CA. (714) 557-6884. 

Circle No. 424 


Development tools and real-time 
operating system for Intel386 and 
AMD Am386EM .iPs. Development 
tools, including the Xray debugger, C 
compiler, assembler, Xray Masterworks 
environment, and the Spectra open 
cross-development backplane, are now 
available for the Am386EM and 486SE 


and the Intel 386 wPs. The VRTX 3.0 
real-time operating system costs $2000. 
The complete development toolkit is 
$9000 on a Sun and $3850 on a PC. 
Microtec Research Inc, Santa Clara, 
CA. (408) 980-1300. Circle No. 425 


Integrated controller and disk dri- 
ves for the STD 32 bus. The ZT 8952 
has an integrated IDE controller and a 
130-Mbyte hard disk drive, that all fit 
in a single STD 32-backplane slot. The 
unit costs $550 (or $225 without the 
disk drive installed). The ZT 8954 is an 
integrated 1.44-Mbyte 3.5-in. floppy 
disk drive and controller that also fits 
in a single STD 32-backplane slot. The 
unit costs $345 ($255 without the flop- 
py drive). Ziatech Corp, San Luis Obis- 
po, CA. (805) 541-0488. 

Circle No. 426 


A/D and D/A modules fit 1.7 <5.2-in. 
format. The Extremely Small Package 
(ESP) form factor the company has 
developed for PC/XT/AT systems now 
includes an analog-to-digital module 
with eight differential or 16 single- 
ended inputs, 12 bit resolution, a 333- 
kHz throughput, and a programmable 
gain amplifier. $333 (100). A digital-to- 
analog module with 24 8-bit DACs, two 
12-bit DACs, eight TTL-level I/O chan- 
nels, and a sine and square wave gener- 
ator costs $316 (100). Dovatron Inter- 
national Inc, Longmont, CO. (303) 
772-5933. Circle No. 427 


$99 design kit lets you experiment 
with a DSP for real-time signal pro- 
cessing. The TMS320C5x DSP Starter 
Kit (DSK) combines the TMS320CS0- 
based board with an assembler and 
debugger to provide a development sys- 
tem for benchmarking and evaluating 
code in real time. The board includes a 
40-MHz TMS320CS0 DSP with 10k 
words of on-chip RAM, a TLC32040 
analog-interface chip with 14-bit A/D 
and D/A, an RS-232C serial port for 
communicating with a PC, and other 
features. Texas Instruments Inc, Den- 
ver, CO. (800) 477-8924 ext 4500. 
Circle No. 428 


These pulse transformers manufactured 
to MIL-STD-1553 COMMAND/RE- 
SPONSE MULTI-PLEX DATA BUS re- 
quirements. They also are manufactured 
to MIL-T-21038/27C specifications and 
are designed to meet MAC AIR SPECI- 
FICATIONS A3818, A5690, A5232 and 
A4905. 


All of these transformers exhibit superior 
electrical performance. Common mode 
rejection ratio is greater than 45dB at 1 
MHz. Input impedance is greater than 
3000 ohms over the band from 75 kHz to 
1MHz at 1V rms. This series possesses 
exceptional waveform integrity: Rise time 
and fall time is less than 100 nanose- 
conds. Overshoot and ringing is less than 
+ 1V peak. Droop is less than 20%. 


See EEM 
or send direct 
for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
CIRCLE NO. 85 
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Digital 
Signal 


Processing 


DSP Development Tools and 
OEM DSP Systems from Ariel 


For PC/ISA/EISA: 


PC-Hydra—Modular, TIM-40 based DSP platform 
with four TMS320C40 DSPs. Fast static and high- 
density dynamic RAM TIM Modules can be mixed 
and matched to suit any multiprocessing con- 
figuration. Twelve 20 Mbyte/sec communication 
ports, DT-Connect and DSP Port serial I/O. 


DSP-C40 Cyclops—Powerful TMS320C40 DSP 
with huge static and dynamic RAM capacity, six 
20 Mbyte/sec communications ports, DT-Connect 
and 16-bit analog 1/O. GlobalBus+ for shared 
memory multiprocessing. Vast development soft- 
ware and operating system support. 


PC-TeraDon—Another Ariel first: up to sixteen 
floating point DSPs in a single PC slot. Based on 
four quad-DSP DON Modules and the AT&T 
DSP3210, PC-TeraDon can be built to suit fora 
wide range of DSP, telephony and multimedia 
applications. AT&T's VCOS and the PC- 
TeraDon's dual MVIP interfaces make this the 
best platform for multi-channel telephony 
systems. 


For VMEbus: 


V-C40 Hydra—Four TMS320C40 DSPs on a 
single 6U VME card yield up to 200 MFLOPS, 
and an incredible 1.1 bi/lionoperations per sec- 
ond. Each DSP has two parallel banks of zero 
wait-state RAM, and up to 64 Mbytes of DRAM is 
shared among all DSPs and the VMEbus. Un- 
paralleled software support. 


Hydra-II—Four TMS320C40 DSPs with up to 32 
Mbytes of static RAM on a single 6U VME card. 
32 Kbytes true dual-port RAM shared among all 
DSPs and VMEbus. Ultra-high-speed |/O via dual 
processor busses. Most cost-effective C40 board 
for OEM/volume applications. 


CommlO—The most flexible I/O available for 
C40-based DSP systems. CommlO has sites for 
up to four industry-standard IndustryPacks and 
a dedicated TMS320C40 to handle data pack- 
ing and routing via communication ports to other 
TMS320C40s (such as Ariel's Hydra series 
boards). CommlO can also be programmed as 
a stand-alone system for less compute-intensive 
applications. The IndustryPack is an open stan- 
dard with over 50 different |/O modules available 
from anumber of suppliers handling ADC/DAC 
up to 10 MHz, multichannel audio-bandwith I/O, 
synchronous serial I/O, Ethernet, SCSI, and more. 


For You: 


We at Ariel are dedicated to providing you with 
the best in high performance DSP products. Our 
products are designed, built, and supported in 
the U.S., sold direct through North America and 
are available worldwide through our international 
dealer network. 


Call for our new catalog! 


Ariel Corporation 
433 River Road 
Highland Park, NJ 08904 
Tel: (908) 249-2900 
Fax: (908) 249-2123 
BBS: (908) 249-2124 
email: ariel@ariel.com 


Ariel_ 
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486SLC-based VMEbus board 
offers flexibility and economy for 
embedded PC systems. The PC AT- 
software-compatible VSCIM486SLC 
board suits industrial and real-time 
applications. Available in both stan- 
dard and S0-MHz clock-doubled ver- 
sions, the board provides space for a 
math coprocessor, up to 16 Mbytes of 
DRAM, 4 Mbytes of flash EPROM, 512 
kbytes of dual-ported SRAM, floppy- 
disk and IDE hard-disk controllers, a 
keyboard interface, two serial ports, a 
parallel port, a battery-backed real-time 
clock, a watchdog timer, and a 
counter/timer. A 256-byte EEPROM 
provides nonvolatile retention of BIOS 
configuration data and other informa- 
tion. The board with 2 Mbytes of 
DRAM starts at £1143(10). Arcom 
Control Systems Ltd, Cambridge, UK. 
+44 (0)223 411200. Circle No. 429 


C source-code debugger runs on 
PCs under Windows. The TMS320C2x 
symbolic debugger provides source-code 
debugging for C- and assembly-language 
code. The software works with the Texas 
Instruments XDS/22 emulator and has a 
profiling capability that shows the time 
parts of a program consume. The debug- 
ger lets you set hardware breakpoints, 
count events, collect trace samples, start 
and stop timers, qualify cycles, monitor 
external signals, and perform complex 
timing analysis. $995. Hyperception, 
Dallas, TX. (214) 343-8525. 

Circle No. 430 


Industrial PCXI computer chassis 
suits high-vibration environ- 
ments. The PCXI model 1101 13-slot 
industrial-computer chassis features 
front-access shielded-metal modules 
and a choice of AT or EJSA bus passive- 
backplane and single-board CPU com- 
binations. The unit has two rear- 
mounted 72CFM filtered-intake fans 
providing positive pressure cooling. 
Front-panel, quick-release, hold-down 
screws reduce vibration and protect 
internal components. $1795. Rapid 
Systems Inc, Seattle, WA. (206) 784- 
4311. Circle No. 431 


Low-cost computer module suits 
embedded-.C market. The CoreMod- 
ule/PC ($99 (1000)) has a 9.8-MHz 8088- 
compatible CPU, capacity for 1 Mbyte of 
DRAM, serial- and parallel-port con- 
trollers, a keyboard port, a watchdog 
timer, an optional solid-state disk, and a 
speaker interface. The computer module 
uses inexpensive, simple, PC-compatible 
software to develop applications and 


EMBEDDED SYSTEMS 


thus is not limited to proprietary wC 
architectures. The palm-sized module 
draws 0.6W from SV when operating 
and 0.3W in sleep mode. Ampro Com- 
puters Inc, Sunnyvale, CA. (408) 522- 
2100. Circle No. 432 


SBus boards for graphics, serial 
ports, and SCSI. The TurboGX graph- 
ics accelerator ($1495) is compatible 
with screen resolutions of 1152900 
and 1024x768 pixels. The card acceler- 
ates 2 and 3D vector rendering and win- 
dows and works with Solaris and Sun 
OS applications. The FastSerial-4 board 
provides serial data transmission up to 
230.4 kbps and is available in four-, 
eight-, 16-, and 24-port versions. The 
ports use standard 25-pin D connectors 
and come with full modem controls. A 
four-port board costs $485, and a 24- 
port board costs $2495. The SCSI-FNS II 
adapter ($545) lets you connect seven 
SCSI devices. The adapter provides 
active terminations to accommodate 
cable lengths of more than 20 ft. 
Antares Microsystems Inc, Los Gatos, 
CA. (408) 370-7287. Circle No. 433 


I/O processor for the PCI bus uses 
1I960CF »P. The PCI960 board uses a 
plug-in processor module, allowing the 
board to use any member of the i960 
processor family and to operate as fast 
as 40 MHz. Modules are also available 
for Ethernet, high-speed serial, SCSI-2, 
SCSI-3, and parallel interfaces. With a 
33-MHz i960CF, the board costs $1825 
(100). Cyclone Microsystems, New 
Haven, CT. (203) 786-5536. 
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MIPS 64-bit single-slot computer 
for Futurebus+. The FBR4400 uses an 
R4400SC RISC processor and can sus- 
tain 90 VAX MIPS operations and 30 
MFLOPS. The DMA burst rate is 160 
Mbytes/sec. The device offers onboard 
capacity for up to 128 Mbytes of RAM, 
an external cache of up to 4 Mbytes, 
512 kbytes of flash boot EEPROM, 8 
kbytes of nonvolatile RAM, and a real- 
time clock. $7995. Cable & Computer 
Technology Inc, Anaheim, CA. (714) 
937-1341. Circle No. 435 


WELCOME 
TO THE 
SUBMICRON 
WORLD OF 
COMPASS 
DESIGN 


Une million gates. Four million transistors. 


All in 0.35 technology. 
Sound like the future? Hardly. That's the kind 


of design that companies worldwide are achieving 
with COMPASS’ new generation of IC design tools. 


Only COMPASS provides a seamless graphical 
specification and synthesis environment that inte- 
grates logic design, physical design, libraries and 
library development tools. Others make this claim 
but it’s no secret they built their product line by 


acquiring technologies to fill in design “holes.” 


COMPASS tools were built from the top down. 
You get everything you need from one company, 
at one time. And all COMPASS tools are designed 
to work with the foundry of your choice. 


Say good-bye to yesterday's mix-and-match 
design tools, endless hours of integration and empty 
promises. Say hello to tightly integrated tools that 

speed you from concept through synthesis, layout, 
verification and silicon. Break through today’s design 


barriers — into the future of submicron design. 


Call 1-800-433-4880 for more intor- 
mation on COMPASS design tools. 
The shape of things to come. 


ee, 
COMPASS’ 


Design Automation 
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ynthesis to Silicon 


COMPASS Design Automation, 
1865 Lundy Avenue, San Jose, CA 95131 
© 1994 COMPASS Design Automation, Inc. 
The COMPASS logo is a registered trademark 
of COMPASS Design Automation, Inc. 


~ INTRODUCING OUR NEW 
HIGH SPEED OSCILLATOR CHIP 


7 


Jt caltk be custotnizéed. 


(C‘acte half ac much 


Uses halt the space. 
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And fast? We’re talking up to 160MHz. 
If you need oscillator chips for your 


And is deliverable in three weeks. 


products, you need to know about 
Startech’s new ST49C101. The 
industry’s first mask 


programmable monolithic 
analog CMOS device. 
It’s an inexpensive 
solution for industrial 
applications, especially in the 
area of high speed electronics such 
as mobile computing. 

Say goodbye to yesterday’s costly and 
inflexible standards. 

We literally custom design the circuit board for 
you. With prices running as low as $3 per unit, 
there’s nothing else to buy. 

Offering either a high-end crystal or oscillator 
chip solution, Startech’s ST49C101 can be ordered 
in 8-Pin DIP and SOIC packages. 

We can deliver to you in three weeks. But first 


things first. You’ve got to make the call. Do it today. 


For more information, call (408) 745-0801 or fax STARTECH 
us at (408) 745-1269. For evaluation boards on our SEMICONDUCTOR, INC. 
1219 Bordeaux Drive, Sunnyvale, California 94089 
products, call (800) 245-6781. Phone: (408) 745-0801 Fax: (408) 745-1269 


CIRCLE NO. 206 
172 ® EDN November 10, 1994 . 


EE 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-ser ice 


SOIC- to-DIP adunter fits 28-pin 
SOIC packages within the DIP lay- 
out. The adapter is 0.300 in. wide with 
0.100-in. pitch and has surface-mount 
pads on top to accept a 0.050-in.-pitch 
SOIC. $4 (100). Aries Electronics Inc, 
Frenchtown, NJ. (908) 996-6841. 

Circle No. 436 


SOIC-to-DIP adapter fits 28-pin 
SOIC packages within the DIP lay- 
out. The adapter is 0.300 in. wide with 
0.100-in. pitch and has surface-mount 
pads on top to accept a 0.050-in.-pitch 
SOIC. $4 (100). Aries Electronics Inc, 
Frenchtown, NJ. (908) 996-6841. 

Circle No. 437 


Inrush-current- elimina thermis- 
tors are low-cost. The ICL series of 
inrush-current-limiting thermistors 
cost $0.24 to $0.18 (S000 to 100,000). 
The devices are available in resistance 
values of 0.5 to 2200 and tolerances of 
S to 30%. The thermistors suit circuit- 
protection and control applications, 
including switching power supplies 
and power-factor-correction circuits. 
Fenwal Electronics Inc, Milford, MA. 
(S08) 478-6000. Circle No. 438 


Pin-strip headers cost $0.02 per 
pin. The 2300 series pin-strip headers 
have a 10-~m gold and gold-flash plat- 
ing on phosphor-bronze pins. The 
glass-filled polyester insulation lets you 
break the headers to length, allowing 
you to stock one size in inventory. The 
headers are available in single- and 
dual-row versions having straight or 
right-angle configurations. Solder 
standoffs simplify washing off the flux 
residue after soldering. The headers 
stack side by side or end to end. 3M 
Electronic Products Division, Austin, 
TX. (800) 225-5373. Circle No. 439 


COMPONENTS 


Dual PNP complementary transis- 
tor pairs are QPL-approved. The 
JANTX2N5796U and JANTXV2N- 
5796U transistor pairs are QPL- 
approved in accordance with MIL-S- 
19500/496. The device comprises two 
PNP transistors, similar to the 2N2907, 
mounted in a six-pin hermetic, ceram- 
ic, surface-mount package. From 
$12.97 (1000). Optek Technology Inc, 
Carrollton, TX. (214) 323-2200. 
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Ceramic surface-mount capacitors 
have 500V rating. The capacitors are 
available with X7R or COG characteris- 
tics and operate in circuits in which 
continuous or peak voltages may reach 
500V. The X7R capacitors are available 
in 1206, 1210, and 1812 sizes, with 
capacitance ranging from 470 pF to 15 
nF and tolerances of +5, +10, and 20%. 
The COG capacitors are available in 
1206, 1210, and 1812 sizes, with capac- 
itance ranging from 10 to 1000 pF and 
tolerances of +2, +5, and +10%. Prices 
range from $0.0265 to $0.124. Philips 
Components, Riviera Beach, FL. (407) 
743-2102. Circle No. 441 


Surface-mount inductors have 
low-resistivity ferrite core. The 
SM20 series inductors suit switching- 
power-supply applications and are 
available in values from 10 wH to 1 mH. 
Custom values and tolerances are avail- 
able. The operating temperature range 
is—55 to +125°C. <$2 (1000). Gowanda 
Electronics, Gowanda, NY. (716) 532- 
2234. Circle No. 442 


RF transistors for 2.7V operation 
increase battery life in portable 
systems. The AT-30511, AT-30533, 
AT-31011, and AT-31033 work between 
1 and SV with as little as 0.5 mA of cur- 
rent. The transistors suit low-noise 
amplifiers, gain stages, buffers, oscilla- 
tors, active mixers, and other high-fre- 
quency applications in battery-operat- 
ed equipment, such as pagers, 
handheld telephones, wireless-LAN ter- 
minals, and RF tags. The AT-30533 pro- 
vides 14-dB gain and a 1.2-dB noise fig- 
ure at 900 MHz when biased at 2.7V, 1 
mA. From $0.53(1000). Hewlett- 
Packard Co, Santa Clara, CA. (800) 
537-7715 ext 8758. Circle No. 443 


books that work the way you work 


Analog Circuit Design: 
Art, Science, Personalities 
Jim Williams, Linear Technology 
"If you do any analog circuit design, buy this book!...The well-indexed volume 
... provides a picture of analog design, as a way of thinking and approaching 


problems." Dan Strassberg, EDN 


1991 352pp. cloth 07506 9166 2 $44.95 (£30.00) 
Troubleshooting Analog Circuits 
Robert Pease, Nat. Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience designing 
analog circuits--and working the bugs out of them..This book is for you whe- 


ther you're designing at the board, box, system, or IC level." Electronic Design 
1991 208pp. cloth 0 7506 9184 0 $32.95 (£19.95) 


Rechargeable Batteries Applications Handbook 
Technical Staff, Gates Energy Products 
A comprehensive reference on proper selection, specification and application 


guidelines from one of the world's largest sealed-cell manufacturers. 
May 1992 432pp. cloth 0750692278 $49.95 (£38.50) 


The EDN Series for Design Engineers 


North America 
BUTTERWORTH-HEINEMANN 
80 Montvale Avenue 
Stoneham, MA 02180 


FAX 617-279-4851 


1-800-366-2665 M-F 8:30-4:30 ET 


OS 
U.K. and Europe: 
Reed Book Services Ltd. 
Special Sales Department 
POB 5, Rushden, Northants NN10 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 


CAHNERS 15.89 
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A NONTRADITIONAL 


APPROACH TO EMI 


Misconceptions about EMI? EDN’s DESIGNER’S 
GUIDE TO ELECTROMAGNETIC COMPATIBILITY 
can help alleviate any electromagnetic interfer- 
ence problems you may encounter. With more 
than fifty years of collective experience under their 
belts, Daryl Gerke and Bill Kimmel focus on prac- 
tical insights and ideas about EMI to help you iden- 
tify, prevent, and solve your EMI problems as you 
design your equipment. 88 pages 


Topics addressed include: 
noise and interference 
EMI regulations 


ee GET = Fac power disturbances 
cw a circuit boards 
ra, grounding 
troubleshooting 
Please send me copies of EDN’s DESIGNER’S GUIDE TO 


ELECTROMAGNETIC COMPATIBILITY@ $19.95. 
Sales tax (orders shipped to CA, CT, MA, NJ, NY must include applicable sales tax: 
Shipping: $3.50/copy (US), $15/copy (foreign), $3.00/additional copy 


Total 
_) My check is enclosed payable to Cahners Reprint Services 
Charge my credit card: ©) Master Card L) Visa _) Amex 
CREDIT CARD # EXPIRATION DATE SIGNATURE 
NAME COMPANY 
ADDRESS CITY STATE Z|P PHONE 


CALL TOLL FREE (800) 523-9654 (FAX 708-390-2779) to order. 


Or fill out this coupon and mail it to: 
Cahners Reprint Services, 1350 E. Touhy, Des Plaines, IL 60018 
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ROMIT 


EPROM EMULATION SYSTEM 


The Most Flexible 
EPROM Emulator 
You Can Get Today 


* Emulates up to eight 
4-Megabit EPROMS through 
one standard serial port. 


* Downloads 2-Megabit 
programs in less than 23 
seconds 


* Examine and modify 
individual bytes or blocks. 


* Accepts Intel Hex, 
Motorola S-Record and 
Binary files. 


° Software available for IBM 
PC and compatibles. 


* Base 27256 EPROM 
System $395.00. Other 
configurations available. 


Incredible Technologies, Inc. 
Visa, Mastercard and American Express Accepted 


Order Now - It’s Easy 
Call (708)670-7027 Or Fax (708)870-0120 
For More information 
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C-Programmable Controllers 
Use our controller as the brains of your next 


control, test or data acquisition project. From 
$149 qty one. Features 1/0 to 400 lines, ADC, 
DAC, RS232/RS485, printer port, battery-backed 
clock and RAM, keypads, LCDs, enclosures and 
more! Our simple, yet powerful, Dynamic C™ 
makes programming a snap! 


24-Hr AutoFAx: 1724 Picasso 
916.753.0618. Davis, CA 95616 
Call from your FAX. 916.757.3737 
Request catalog 18. 916.753.5141 FAX 


CIRCLE NO. 266 


In-Circuit 
Emulators 
For 


See EEM 
94/95 Pgs. 
D1288-1294 


® Rental and 10-day trials available. 

® Full Source-level Debugger with complete 
C-variable support. 

® Supports virtually all members of the 8051, 
800196, 68HC11, 68HC16 and 68300 families. 


CALL OR WRITE FOR FREE DEMO DISK! 
51 £. Campbell Ave. | Gall 408-378-2912 


Nohau’s 24-hour 
noHaU Campbell, CA 95008 


CORPORATION ang {a08) pia receive info via your FAX 
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EE. 4 —— 
Best Value _ the World 


POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 


120 38 


M5 PIECESx 1.34 %& 5 DAY PRICES ABOV 
@ 10 PIECES x 1.67 M@ ULLISTED 
EXTRAS CAPABILITIES 
@ Photo Plotting @ Buried & Blind Vias 
is @ Polyimide Multilayer 
@ Testing W Full Body Gold 
Gold Contacts - $50 @ Carbon Paste 
5% - l @ Tin nickel burn-in boards 
Wi 25% - Below8 Mil Hole @ SMT-SMOBC 
- Below 15 MilHole g§ Up to 22 layers 
WM SMOBC & LPI - $50 Impedance control boards 


FOR MORE INFORMATION CALL OR FAX 


Ken Bahl # 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 


DISCOUNTS 


CIRCLE NO. 256 


To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


UNIVERSAL/GANG PROGRAMMERS 


FLEX-700 

48 pin from $945 
40 pinfrom $845 
8 gang from $845 
TUP-400 $645 
TUP-300 $495 


Appreciated by over 70,000 users worldwide 

= Supports Altera 7xxx, MACH 435, Xilinx, Intel 
FX7xxx, nearly all FPGA/CPLD/PLD... 

= Support EPROM, 28/29F flash, serial PROM, 
PSD4XX/5XX, Intel/Motorola/NEC/Hitachi MPU 
devices. Over 3,000 devices supported. 

m Test TTL 74/40/45 series, DRAM(SIP/SIMM), and 
SRAM. EPROM EMULATION option. 

w Gang programming & stand alone option. 

@ Universal 44,68 pin PLCC modules. 


8051 IN-CIRCUIT EMULATORS 


NICE-51 SYSTEMS FROM $895 


@ Supports 87(C)51 and many 
derivatives. 
@ Fully supports emulation of 
internal and external memory 
with no intrusion on user 
memory, |/0, stack, INT... 
@ Supports Archimedes, 
Franklin, Intel, IAR, KEIL, 
2500AD.... C compilers and 
most assemblers. 
@ Single step, go slow, run in real time, set break- 
points and much much more... 
= Complex trigger and filter functions let you trace in 
real time all or any portion of program execution 
you desire (up to 16K 48bit words). 


ROM/RAM EMULATORS 
TRE/EML SYSTEMS FROM $295 


= Emulate up to two 
27(C)64 - 27(C)010 
devices at one time in 
independent or 16 bit 
even/odd mode. 

m= Emulate one 27C020, 
2701024, 2702048. 


EPROM PROGRAMMER FROM $145 


Tribal Microsystems Inc. 


Tribal 44388 S. GRIMMER BLVD., FREMONT,CA 94538 
: Tel: (510) 623-8859 
Tribal Fax: (510) 623-9925 
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Only a Specialized Keypad 


Manufacturer Could Provide 
Versatile and Economic Products. 


With more than 11 years of experience in this 
field, we proudly offer you various types of 
conductive silicone rubber pads, rubber pads 
with multicolor keys and multicolor printing, 
translucent parts for backlighting. Please 
contact us early for design assistance and 
information. 


GENERAL SILICONES CO., USA 
Gs) 650 W. Duarte 401 Arcadia CA 91007, USA 
@ | Tel: (818) 445-6036 Telex: 3716189 GSCUI 
Fax (818) 445-6084 
CIRCLE NO. 243, 


s® SCANTEAM” 3400 CCD 


WELCH ALLYN INTRODUCES 
THE SCANTEAM® 3400 
HAND HELD CCD SCANNER 


The ST3400 features: 

e Unique CCD optics for 
superior first-read rate 

¢ Depth of field up to four inches 

e Ability to read bar codes wider 
than scan head 

e Ergonomic pistol grip 

e Optional integrated decoder 
interface 

e High durability/no moving parts 


For more information on how the $T3400 can solve 
your scanning needs, contact: 


Welch Allyn WA 


Data Collection Division - OEM Sales 
4619 Jordan Road 
Skaneateles Falls, NY 13153 
Phone (315) 685-8945 —- FAX (315) 685-3172 
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#1 in 
Adapter 
Solutions 
for over 
10 years 


FREE 1994 Interconnect 
Solutions Catalog 


Y Over 3,500 devices for one-stop-shopping 


¥ 120 "Off-the-shelf" items available for overnight delivery 


Y Unlimited application consulting 
¥ Time saving solutions for product development 
Y Ask about our custom designs 
VY Leading edge technology -- over 500 PQFP solutions 


EMULATION TECHNOLOGY, INC. 


800.995.4381 
CIRCLE NO. 240 
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FOR MORE INFO OR TO ARRANGE § | 
YOUR 10 DAY FREE TRIAL, CALL: § 
1-800-838-8012] 


S| G55" Rack Mounts 


8 Slot 486SX-25 4MB 170MB HDD $1,495.00 
14 Slot 486DX-33 4MB 250MB HDD . . . $1,995.00 
20 Slot 486DX2-66 4MB 540MB HDD .. $2°495.00 


ORDER DESK 1-800-777-4875 


1 US LOGIC 
\W 5055 Viewridge Ave., San Diego, CA 92123 


The Intel Inside Logo is a registered trademark of Intel Corporation. 


Rid Bugs, 


Right on Target... 
EMULATOR for the TMS 320C3X 
at less than % price! 


* Top-ranking multilevel debugger 
* Power-packed command set 
* User-friendly 
* Target emulation 
via JTAG 


On The Fly. | 


|. TRY BEFORE 


| “Baie ode EXTERNAL UNIT WITH NO PLUGIN CARDS 


FREE USER SUPPORT 
_OQUTSTANDING PERFORMANCE AT A REALISTIC PRICE 


8 Shaul HaMelech Blvd. 
Tel Aviv 64733, Israel. 
Fax 972-3-693-844] 


: PCI BUS EXTENDER 
486 single Board and BUS ISOLATION EXTENDER 
Computers & 


|Speed up your PCI product devel- 
|opment and testing time using the 
 |best featured and best valued PCI 
_ |Bus Extenders and Bus Isolation 
— |Extender. 
Call now for more information. 


| Adex Electronics 
122994 El Toro Road Tel: 714-768-3211 
Lake Forest, CA 92630 Fax: 714-472-9654 
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Rated #1 THINK 
for THINK By fexe) 


Ease-of-use || en 
_ "The Embedded PC Specialists" 
by OEMs P 


| & end users|| — 


PLEASE CALL FOR CUSTOM CONFIGURATIONS. 


Made In U.S.A. 


(619) 467-1100 » FAX (619) 467-1011 


3 year warranty applies to Falcon-l|! Single Board Computer. 
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Expandable 
Logic Analyzer plus 


¥ 50 MHz and 25 MHz state and timing 
¥ 32K sample depth, up to 192 channels 
Y Professional features in PC-based product 
V Easy-to-use, windows-like interface 
Y PC-based desktop and ISA bus versions 
Y Digital/analog pattern generator option 


M Full line of ISA 
CPU boards through DX4/I 


@ PC/104 expansion port 
@ Integrated PROMDISK “disk emulator supports 
Flash, EPROM, & SRAM. 
@ Performance ranges from PC/XTs to 66MHz 486 
@ Half size and full size boards available 
Also Available 


@ 3 to 14 Slot Backplanes and Embedded Chassis 
@ Full Line of PROMDISK disk emulator boards 


Ma ame as 2598 fortune way 


™ 


EMULATION TECHNOLOGY, INC. 


800.995.4381 
CIRCLE NO. 241 
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High Density Circular Process and 
Medical Equipment Connectors 


D Series 7, 9 and 12 contact cable to cable and chassis 
connectors provide MIL quality contacts in impact 
resistant Polycarbonate housing. Keyed simple push 
button lock minimizes use problems. Solder cup or 
crimp contacts are useable in either housing. 


FOR ADDITIONAL INFORMATION, CONTACT: 
HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, Massachusetts 01749 
(800) 225-9228 or (508) 568-0451 
FAX: (508) 568-0680 
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RELIABILITY PREDICTION 
~ SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK- 
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum- 
ing, and error prone manual methods! 


= NEW UPDATE! VERSION 3.1 now available. 
= User friendly: pop-up menus, hypertext help. 
= Very easy to learn and use; quick data entry. 

= Part library for rapid recall of part data. 

® Global editing functions for what-if? trials. 

® Reports which clearly organize results. 

= Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 
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Macintosh 


Users! 


ELECTRONIC DESIGN TOOLS 


tronic design tools for the Apple Macintosh®. Con- 
tact us for schematic capture, simulation (digital, | 
analog and mixed-mode), PLD and FPGA design, 


Using our DesignWorks™ schematic capture front 
end, you also get full file compatibility between 
Macintosh and Windows versions. 
CALL (800) 444-9064 
FOR YOUR FREE DEMO! 


CAPILANO COMPUTING 
(604) 522-6200 Fax (604) 522-3972 


CIRCLE NO. 233, 
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Capilano Computing is the source for quality elec- | 


PCB design, RF design and timing analysis tools. | _ 


PILOT-U84 Universal Programmer 

#] in New Device Support & Expandability 
Altera 7064,7128.7160.7192 in 84-. 100- and 160-pin packages 
Xilinx 1765D,17128 etc Intel FLEX. 87C196 KC.KD.JR.MC ete. 
Moto 68HC711, 68HC705, WSI PSD-3XX.-4XX.-5SXX,PAC.SAM 

Atmel 29C040, ATF22V10 etc. AMD MACH435, 29F040, etc 

Lattice pLSI-1000,2000.-3000. Microchip PIC micros 
All packages to 256-pin: PLCC.PGA.QFP.TQFP.TSOP.SOIC 
800-627-2456 FAX:(408) 736-2503, Sunnyvale, CA. 


CIRCLENO. 231. 


You Don t Have 
To : WAW Your 


é 


EISA 12/14-Bit A/D BOARDS STREAM 
DATA TO MEmorY AT 10MHZz 


The PC-415 Family of EISA-based A/D boards gives 
VME+ performance at PC-based costs! 8 different 
pluggable A/D modules offer 12-14 bit resolutions, 
sample rates to 1OMSPS, up to 16 input channels, 
SE/DE inputs and simultaneous sampling options. 
Extensive software support complements hardware 
features such as banked-FIFOs (to 8k), circular 
buffer memory and various clocking modes. 


DATEL, Inc. 
11 Cabot Boulevard ¢ Mansfield, MA 02048 
(508) 339-3000 ¢ (800) 233-2765 
FAX (508) 339-6356 


-). CIRCLE NO. 237 


LOGICAL 


Has a Full 
Range of 
High Quality 
Universal & Gang 


(EEPROMs, FLASH, PLD, 
& MICRO CONTROLLER) 


Programmers 


LOGICAL 


DEVICES, INC. ai 
TEL: (305) 428-6868 | Ig 
FAX:(305) 428-1811 elec 


| 1 800 331-7766 Ext: 103 


CIRCLE NO. 250 


_ IMAGINE IF YOUR 
PRODUCT COULD TALK! 


V8600 text-to-speech synthesizer 


= Converts plain ASCII text into speech (“talking printer”) 
= Requires only a single 5V supply and speaker 

= Unlimited vocabulary—no custom recording necessary 
= Programmable pitch, rate, tone, volume, etc. 

= Text, character, phonetic, tone and PCM modes 

= Microprocessor, serial and printer interfaces 

= Use in telecom, robotics, monitoring systems, etc. 

= Less than $100 in OEM quantities 

= SA, PC/104 and stand-alone versions available 


FREE V8600 DATA BOOK 


USA Ph: 206 355-3800 Fax: 355-1098 
UK/Europe Ph: +4481 539 0285 


RC Systems, Inc = 1609 England Avenue « Everett, WA 98203 USA 


INCORPORATE 


Talk Is Cheap, 
Even Digitally.™ 


* QuikVoice™ technology 

* Plays up to 10 messages 
stored in externalEPROM 

* 10 direct-trigger pins 

*“CVSD encoding 

*3 - 6V single supply 

* DIP or surface-mount 

*Low cost 


Let your product speak for itself! 


Our QuikVoice family of digital voice boards and IC chips 
give your product the competitive edge by letting them 
talk in real voice. Imagine how much more “user friendly" 
your product will become! Conventional voice technol- 
ogy requires high tooling cost and long turn-around time, 
while QuikVoice technology allows you to create a voice 
EPROM in just minutes with low-cost in-house equip- 
ment! Change messages easily or customize messages 
for each of your customers! 


ELETECH ELECTRONICS, INC. 
16019 Kaplan Ave, Industry, CA 91744 (818) 333-6394 


CIRCLE NO. 239 


REMOVE 
HARDWARE LOCKS 


Simulation Status: ‘a } 

-|| device libraries, all integrated in one easy to us 
| environment. With ICAP/4Lite you can simulate all 
i as of designs Sie. il get RF, Mixed 


PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITY! 
Software utility that allows for 


the removal of hardware locks. 
i sot those other low cost systems 


: They Can't Compare to ICAP/ALite... 


_ SPICE 3F based Simulator - AC, DC, 
Transient, Temperature, Operating Point 
UNLIMITED CIRCUIT SIZE 
integrated Schematic Entry 
| ten «7460 High Performance 32-bit Simulator 

sian Le | o0000-009 «9020 . Real time waveform display 

Bsn Over 500+ Models Included 
Inexpensive upgrade path 
Windows and Windows NT 


Affordable Prices - $595 


Available for most major 
CAD/CAM and PCB 
software programs 


Easy - Simple - Guaranteed 
Programs start at $99.00 U.S. 


Visa and Mastercard Welcome 
Call or Fax for more Information 


BE ved May 11 10:46:36 1994 
200N ime 2 SAMPLE LASER DRIVER, 


RANSIENT ANALYSIS 


a” preva aft 1985 rie Ze 

2= Call or write for your FREE Working Demo! 
a ft P.O. Box 710 San Pedro, CA 90733-0710 

intusoft +), 310-833-0710 Fax 310-833-9658 


SafeSoft Systems Inc. 
201-1111 Munroe Ave. 
Winnipeg, Mb. R2K 3Z5 
Canada 


Phone (204) 669-4639 
FAX (204) 668-3566 


PC-EISA TO ENCORE HSD 
DATA LINK/EMULATION 
Using our PCEHSD® card and file transfer software, files 
can be moved between a PC EISA bus computer and an 
Encore computer HSDII board. The PCEHSD also emulates . 
the HSDII; therefore, the PCEHSD can drive a HSDI| com- 
patible peripheral device. Transfer rates in excess of 
10Mbytes/second. DOS 1/0 routines and interactive test pro- 
gram, and UNIX driver available. This product is an excellent 
tool for hi-speed data acquisition, monitoring or product test 


fixture. 
APPLIED DATA SCIENCES, INC. 


P.O. Box 814209, Dallas TX 75381-4209 
(214) 243-0113 © FAX (214) 243-0217 


CIRCLE NO. 232 
QFP and 
SOIC SMT 
Adaptors for 
Emulators 
and Logic 
Analyzers 


_ | = Two part modular construction 


¢ 62 mil high generic base replaces the chip variety of 
tops can be purchased separately, e.g. emulator, logic 
analyzer, ZIF socket, cable, etc. tops 


_ | m Easy to solder 


¢ 160 leads under 1 minute 
*no special equipment or experience required 


| m Rugged construction, minimum size, short traces 


@ Vertical extensions available 


| m Deliveries from stock to 3 days on most products 


EDI Corp. 
2611 Highland Drive, Las Vegas, NV 89109 
Tel.: 702/735-4997, Fax: 702/735-8339 


Analyze 


aN T.4 & T.6 performance 
up to 14.4 Kb. Commented 
analyzes with corrections 

suggested. Simulate 


\ calls with included 
test libraries, write 
ANY your own, or 
P 3 capture real- 

world calls 


for play- 


back. 
SE 


product information or 
application assistance. 


GRAY 
ASSOCTATES 
(408) 251-0263 


Simulate 


HIWIRE II 


Schematic and PCB Software 


With support for expanded and extended memory, 
HiWIRE II can handle your most demanding schematic 
and PCB designs. The unique HiWIREII editor allows 
you to display and edit schematics and PCBs 


simultaneously, using the same commands for each.| 


HIWIRE II is $995 and is guaranteed. 


® Wintek Corporation 
VV 1801 South Street 
Lafayette, IN 47904 
Phone: (317) 448-1903 


1-800-742- e009 


CIRCLE NO. 264 


elo advertise i in Product Mart, r 


Combine your 
Product Mart ads in 
EDN Magazine and. 

Products Editions 
for 
higher impact 
and a 
lower rate! 


“LL[@] US) XeMeds 14” and 15° low-radiation 
super VGA monitors are listed to 


{=e} /T11[e) 0 UL 544 medical standards, and 
s feature patented low-leakage EMI 
M e dical filters. Other features include: 
Color ¢ Small footprint fits any desktop. | 
Monitors 


controls with easy pincushion 
correction. 
e Built-in autosizing and 
autocentering. 


¢ Multiscanning to maximize | 


resolution, picture quality 
and graphics card 
compatibility. 
e State-of-the-art surface 
mount technology . 
Contact us today for additional 


Ww, M ae D information and specifications on 
ee ; 
y a XN == these outstanding new monitors. 
X-Med Systems Division of 
SYolEMVis Condor D.C. Power Supplies, Inc. 


2311 Statham Parkway, Oxnard, CA 93033 
(805) 486-4565 © FAX (805) 487-8911 


CIRCLE NO. 234 


Joanne Dorian, 2 


¢ Ergonomically designed screen | 


TEST SMT QFP 


PLDs, 
CPLDs, 
FPGAs... 


for the best in 


Programmable Logic Design 


IN ZIF SOCKET 


For an additional $340, The Ironwood line of CARRIER ADAPTERS allow Synthesis Software 
: probing of SMT QFP devices by simply mounting a QFP ‘ é 
you can run your EMULATOR FOOT to the land pattern. The SOCKET/ to suit any budget, call: 
Product Mart Ad in color PROBE assembly is then plugged onto the FOOT with 


matching connector. Target IC is then inserted into ZIF 
socket for easy test/removal. EMULATOR FOOT is 
constructed for easy installation and reliability. Available 


MINC 


INCOR P OKA TSE 0 


For more information, call 


Joanne Dorian at (212) 463-6415. 


CIRCLE NO. 268 


MICROPROCESSOR 


EMULATORS 


Zax provides a comprehensive 
series of real-time emulation sup- 
port for Motorola, Intel, NEC, Zilog, 
and Hitachi microprocessors. Some 


of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 


Call now for more information: 


(800) 421-0982 
(714) 474-1170 (Inside CA) 
(714) 474-0159 (Fax) 


ZAXTEK 


42 Corporate Park Irvine, CA 92714 


CIRCLE NO. 265 


2 New Versions! 


Data I/O® quality and reliability 
at a price you can afford. 
programs a 
broad range of memory and microcon- 
troller devices for just $995*. 
| programs more 
than 1900 logic and memory devices for 
only $1495*, 
support PLCC, SOIC, 
QFP, and TSOP packages. 


*US. list (1-800-332-8246) 


price only. 


CIRCLE NO. 235 


in sizes from 44 to 208 pins. 


IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 


CIRCLE NO. 249 


FLEXIBLE 


Memory EMULATORS 


Now with 


®90 day WARRANTY. 

>10 day MONEY-BACK GUARANTEE. 

>Supports Read and WRITE access by TARGET. 
>Download and VERIFY from HOST. 

®View/Edit SRAM contents while target is running. 
®Full screen ASCII/HEX editor included. 

> Libraries provide high level access to emulator. 

> Daisy-chain up to 4 units for multi-EPROM targets. 
Field upgradable to 4Mbit (27040) emulation. 


(214) 272-9392 
FAX: 494-5814 


CIRCLE NO. 260 


Windows'-based interface is easy to 
learn and use 


ABEL” Project Navigator simplifies 
the design process 


Full hierarchical support makes larger 
designs easier to manage 


Simulation waveform viewer lets you 
quickly, easily interpret results 


(1-800-332-8246) 


CIRCLE NO. 236 


To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


800 755 3742 


Tel: 719 590 1155 ¢ Fax: 719 590 7330 ¢ E-Mail: salesinfo@minc.com 


CIRCLE NO. 253 


LOW-COST 
DATA ACQUISITION BOARDS 


PCI-20428W. Because Your 
Customers Expect More for Less. 


OEM Pricing: from $249 (100’s) 
16SE/8Diff Analog Inputs, 100kHz (DMA) 
Gains (1), (1, 2, 4, 8) or (1, 10, 100) 

2 Analog Outputs, 100kHz (DMA optional) 
1 Counter/Timer; 2 Rate Generators 

8 Digital Inputs, 8 Digital Outputs 


(800) 685-9911 INTELLIGENT 
Fax: (602) 573-0522 | INSTRUMENTATION™ 


6550 S. Bay Colony Dr., MS130 e Tucson, AZ 85706 


CIRCLE NO. 247 


1 COP8 G8HCOS. 


Emulators 
From $851 


i, w Easy to learn & use 


m2 Windowed interface-- 
user configurable 


Se) Real-time and non- 
S teed for1 intrusive 


_ ww Source level debug 
m= Support for structures, arrays, unions and pointers 
m Trace buffer with advanced searching capabilities. 
m Fast serial (RS-232) link to any PC, even laptops. 
m Broad support of derivative devices /interchangeable probe cards 
w Rental and 10-day trials available. 
w Call today for free demo disk 


(800) 638-2423 


MetaLink Europe GmbH 
Teleton: (08091) 2046 
TeleFax (08091) 2386 


CIRCLE NO. 252 
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Phone: (602) 926-0797 
Fax (602) 926-1198 


CAREER OPPORTUNITIES 


We offer a competitive compensation package including employer-paid medical, 
dental, disability and life insurance, vacation, tuition assistance, profit sharing and 


CURTIS/PMC, a division of Curtis Instruments, in business for over 30 years, is a 
TEST ENGINEERING MANAGER Develop engineering qualification and production : | Dae a 

SIONAIS, I: 
ence in a product development environment, BSEE, expertise with computerized 
disciplined professionals in the design and development of motor control prod- 
ronment. Experience in power electronics and motor control for material han- ( h , f 
dling vehicles highly desired. et C e attention O 
design and assembly improvements. BSEE/BSME (or equivalent) plus previous 
SENIOR ELECTRICAL ENGINEER Develop high power motor control products and | ) } ad NM dager S involved 
high power AC permanent magnet and series motor control electronics. Extensive 

Ic products, who 
Human Resources Department, 


world leader in the design and manufacture of transistorized and microcontroller . 

test strategies, specify equipment, schedule projects and ensure maintenance and 

test equipment, analog and digital electronics and project management. Software - 'D) N C 

and microcontroller systems experience helpful. d lr eer 

ucts. BS or MS in Electrical Engineering, five years of project leadership plus ana- 

MANUFACTURING ENGINEER Create and execute processes and methods for assem- O ap me 

bly and test manufacturing operations consistent with cost and design objectives. | O O y O g U ad | if ed 
experience in a design or manufacturing position with working knowledge of ana- en g | N Ce 4 S ad NM d 
specify motors for those products including series, separately excited and other 

experience in power electronics and devices. Experience generating specifications g g 

a 401(K) retirement plan. Relocation assistance also provided. To apply, send or 

CURTIS/PMG, 6591 Sierra loo kk tO - D> N 

Lane, Dublin, CA 94568. (FAX) 

employer m/t7a. nS Magazines Classified 


based speed controllers, including applications for the industrial, recreational and 7 ; f 
invalid vehicle markets. This small, global company is currently seeking: en Gg j N e€e l I NM g D lr O eS- 
update of existing equipment. Requires 8+ years’ hands-on design or test experi- 

PROJECT ENGINEER Prepare product specifications and work with a team of multi- O p p O rt U Nn it r e S 

log circuit design and microcontroller experience in a product development envi- 

Resolve production problems with new and existing products, recommending 

log and microcontroller applications. 

industrial DC and AC motor controllers. BSEE plus 10 years’ design experience in 

and leading teams of engineers and technicians. d evel O pl Nn G e| ectro a 
fax your resume specifying relevant technical background, in confidence, to: 

ik as a ea A DIVISION OF CURTIS INSTRUMENTS, INC. 


section for career 
opportunities. 


Only EDN can 
guarantee you re 
reaching the key 
design engineers In 
the Electronic Origl- 
nal Equipment Man- 
ufacturer market. 


For more 
Information, contact: 


Trish Kennefick 
Tel: 1-800-603-4859 
Fax: 1-617-630-3925 


EIFED 


CORPORATION IOWA MIDWEST 
FLAT-PANEL VIDEO DISPLAY AE/TELECOM WIRELESS 


CIRCUIT DESIGN PROJECT LEADER. 
NEBRASKA-MINNESOTA-ILLINOIS 


| have immediate openings for Design Engineers 
and Technical Project Managers with BS/MS plus 3 
to 10 years RF/Radio design experience in any of the 
following areas: RF circuit design (100 MHz to 3.0 
GHz), Receivers, Transmitter Exciters, Low-noise 
Frequency Synthesizers, Power Amplifiers, Spread 
Spectrum Modulation, Digital Radio DSP. These 
positions are all with top non-defense companies in 
good Upper-Midwest locations 


DON GALLAGHER, MSEE 
Gallagher & Brei Associates 


1145 Linn Ridge Rd., Mount Vernon, IA 52314 
(319) 895-8042 © Fax (319) 895-6455 


Requires strong background in digital circuit design and 
some mixed signal to design video controllers and matrix- 
addressed driver interfaces, working knowledge of mask 
layout, and exp. interfacing w/high density circuit board 
and IC mask vendors. BS or MS EE & min. 5 yr. exp. 


We are an innovative high tech co. developing a new type 
of field emission flat-panel video display. Come grow with 
us in our world class mfg. site in the beautiful four season 
Hudson Valley. 
Send resume to attn: VCD 
FED Corp., 1580 Route 52, Hopewell Jct., NY 12533 
(or FAX to: 914-892-1901) 
(Additional mfg. and R&D positions open 
in areas of: IC process engineering, equipment, 
packaging, engineering management) 
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To Compete In The Global Marketplace 
PC Companies Must Specialize. 


MATH 


At Dell, 7,500 Diverse Thinkers Enable Us 
To Succeed In Any Marketplace. 


Focusing on a single 
narrow segment of 
the market is one 

& way to make a 
s fast start in the 
computer business. 
But specializing in only one 
area has some pitfalls as well. 
Dependency on a limited customer 
base can be risky. And a singular 
corporate mindset tends to 
restrict creative thinkers. 

At Dell, we believe in having 
it all. That’s why we've kept our 
spirited drive and innovation 
while providing the power of 
one of the largest PC companies 
in the world. Our cultural diver- 
sity enables us to draw ona 
broad, multinational experience. 
Plus, we make it a habit to ask 
our people what they think 
about every aspect of our business - 
and then we listen to what they 
have to say. 


Dell didn’t get to be a global 
player in the computer industry 
by playing follow the leader. If 
you feel stifled by the sameness 
of the computer industry, step 
out into a world where your 
ideas will be valued, and where 
the accent is on performance. 
Why not decide to have it all? 
Join the team at Dell. 


ENGINEERING 
512.728.9530 Fax 
(Position Code PG) 


e BIOS Programmers 

e Software Engineers 

e Product Marketing 
Managers 

e Hardware Engineers 

e Logic Designers 

e Windows Programmers 

e Technicians 

e Network Systems Test 
Engineering Manager 

e Senior Hardware 
Engineering Technicians 

e Information Development 
Manager 

e Monitor Engineer 

e Video BIOS 

e Program Manager 

¢ Comms Engineer 


MANUFACTURING 


DISTRIBUTION 
512.728.9439 Fax 
(Position Code WWOP) 


e Manufacturing Manager 

e Test Engineers 

e Manufacturing Planner 

e Industrial Engineers 

e Buyers/Planners 

® Quality Engineers 

e Supplier Quality Engineers 


To reply, contact us by fax or by 
mail, indicating position code 
and position desired. 


DELL COMPUTER 
CORPORATION 

Staffing Department, EDN111094 
2214 W. Braker Lane, Suite D 
Austin, Texas 78758 


™ 


Workforce diversity is an essential part 
of Dell’s commitment to quality and to 
the future. We encourage you to apply, 
whatever your race, age, color, religion, 
national origin, gender, disability, or 
veteran status. 
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Learn DSP and 
put your 
knowledge to 
work 
IMMEDIATELY! 


COMING T 6) A Call Z Domain Technologies, Inc. ; 
Cire Near You — 888-967-5054 § By taking this 
404-587-4812 3-Day Course 


Atlanta Denver Our 2-Day Advanced 
Long Beach, CA Course is ready. Call for 
Ft. Lauderdale, FL more info. 


Guaranteed! 


J 
J 
a | 
S ue tae Hours 9-5 EST. #you will really 
erener cago Ask for a brochure.” earn DSP 
: 
J 
B | 
I 


If you want to reach over 163,000 engineering professionals, 
in over 52,000 locations, EDN Career Opportunities is the 
best place to advertise your positions. 


Get the attention of 100% qualified engineers and managers 
Involved In designing or developing electronic products, who 
look to EDN Magazines Classified section for career 
opportunities. 


Only EDN can guarantee youre reaching the KEY DESIGN 
ENGINEERS in the EOEM. 


For more information on advertising opportunities, contact: 


Trish Kennefick Tel: 1-800-603-4859 Fax: 1-617-630-3925 
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Switch-product catalog. This 120- 
pg guide features a range of switches, 
including power rocker, pushbutton, 
and slide switches that are UL, CSA, and 
EURO approved. It highlights addition- 
al switches, such as toggle, tiny toggle, 
tiny slide, tiny pushbutton, DIP, piano 
DIP, DIP rotary-standard (BCD), 
autoinsert, and surface-mount. Lamb 
Industries Inc, Portland, OR. 

Circle No. 367 


Journal features test equipment 
for digital mobile radio. This 60-pg 
book contains articles and application 
notes on digital radio products. A 
refresher topic, “RF power measured the 
right way,” is included. Rohde & 
Schwarz, Munich, Germany. 

Circle No. 368 


RF/IF designer's guide. This 127-pg 
catalog features product listings and 
specifications for a line of RF/IF and 
microwave components. Products 
include frequency mixers, power split- 
ter/combiners, amplifiers, attenuators, 
terminations, directional couplers, and 
filters. Mini-Circuits, Brooklyn, NY. 

Circle No. 369 


Catalog details motion control- 
lers. This 128-pg guide provides 
specifications on a line of motion con- 
trollers, including PC, VME, and STD 
bus cards. The catalog contains a 22-pg 
technical reference that provides an 
overview of motion-control systems 
and describes each element of a closed- 
loop system. A guide to motion pro- 
gramming, featuring engraving, pick 
and place, cut-to-length, rotating knife, 
and moving webs, is also included. 
Galil Motion Control Inc, Sunnyvale, 
CA. Circle No. 370 


Catalog for power components. A 
36-pg catalog details a line of compo- 
nent and configurable power products. 
The guide includes photographs, prod- 
uct descriptions, selection charts, appli- 
cations information, and pricing infor- 
mation. Vicor Corp, Andover, MA. 

Circle No. 371 


Battery-holder guide. This guide 
provides specifications, features, and 
application information for a line of 
battery holders. The 23-pg guide in- 
cludes three pages of application tips 
for various battery types, including 
general purpose, rechargeable, lithi- 
um, and NiCd. Memory Protection 
De- vices, Farmingdale, NY. 

Circle No. 444 


mega-brite lites 


LED selection guide. A product selec- 
tion guide features a line of very high 
intensity red, green, and yellow LEDs. 
The brochure includes electro-optical 
specifications, detailed dimensional 
drawings, and_ radiation-pattern 
graphs. Lumex Opto/Components 
Inc, Palatine, IL. Circle No. 445 


You and your electric motors. How 
to get the most from your electric motors 
helps plant-maintenance engineers 
maximize the operation and up time of 
their electrical equipment. The booklet 
provides information on maintenance, 
voltage, application, spare motors, and 
repair vs replacement. Electrical Appa- 
ratus Service Association Inc, St 
Louis, MO. Circle No. 446 


Guide for freebies on Internet. Free 
Stuff from the Internet provides step-by- 


‘SURFACE MOUNT 


\DC-DC 
Qnverters 


See EEM 

or send direct 
for Free PICO Catalog. 

Call toll free 800-431-1064 
in NY call 914-699-5514 
FAX 914-699-5565 


step instructions on how to get free 
merchandise including catalogs, 
coupons, product samples, newsletters, 
software, photos, art, music, and video 


Gigabit link-analyzer demo disk. 
This free disk simulates the operation of 


the GLA-2000 gigabit link analyzer. 
The disk focuses on the functions and 
operations of the GLA and includes a 
tutorial. Finisar Corp, Menlo Park, CA. 

Circle No. 372 


clips. The book features “The Tight- 
wad’s Guide to Mosaic,” a hands-on 
guide to Mosaic and the World Wide 
Web. $19.99. The Coriolis Group, 
Scottsdale, AZ. Circle No. 447 


ee i CO Electronics, Inc. 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
CIRCLE NO. 85 
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Quality Choices oo 
from Mueller 


Now, Mueller givesyouachoiceofover | 
1000 test leads and accessories - over _ 
100 brand new designs - and your choice 
of functionality. Choose test leads | 
designed to meet your individual 
needs, offered in a wide range of — 
constructions. : : 


Catalog details switches. This 110- 
pg book features rocker, slide, push-but- 
ton, and sealed toggle switches. The 
guide provides specifications, materi- 
als, and terminations information. 
E-Switch, Minneapolis, MN. 

Circle No. 448 


Engineering bulletin features plas- 
tic dielectric trimmer capacitors. 
Engineering Bulletin SG-402F highlights 
a line of plastic dielectric trimmer 
capacitors. The bulletin details features, 
specifications, available modifications, 
photographs, and outline drawings for 
each series. The dielectrics offered 
include PTFE, polypropylene, polycar- 
bonate, and polyimide. Sprague- 
Goodman Electronics Inc, Westbury, 
NY. Circle No. 449 


PC-based test-solutions source 
book. A product catalog lists hardware, 
software, and system products for PC- 
based ATE, data-acquisition, and test- 
and-measurement applications. The 
40-pg guide includes specifications, 
selection charts, block diagrams, and 
configuration and application sugges- 
tions. Geotest Inc, Irvine, CA. 

Circle No. 450 


SERIAL EEPROM 
HAN § BO DK 


IRN RATION TM RaneniAyad AMESORY 
we tOTsi, etal 


go ARAART HEBTAL™ 


EEPROM handbook. The Serial EE- 
PROM Handbook serves as a reference 
guide for a line of EEPROMs. The 480-pg 
book contains product specifications, 
application notes, and qualification 
reports on a line of memory products 
and tools. Microchip Technology Inc, 
Chandler, AZ. Circle No. 451 


Brochure on signal devices. A 12-pg 
brochure describes the Mallory 
Sonalert audible signal devices. A sec- 
tion detailing design information such 
as mounting method, case style, fre- 
quency, minimum sound pressure, 
operating current, and voltage is 
included. North American Capacitor 
Co, Indianapolis, IN. 
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LITERATURE 


Brochure on network analyzers. 
This free brochure provides informa: 
tion on measurement-accuracy sources 
and optimum network-analyzer config: 
uration for test systems covering RF, 
microwave, and millimeter-wave appli- 
cations. The pamphlet covers sources of 
measurement accuracy and uncertain- 
ty for common transmission and 
return-loss measurements. Anritsu 
Wiltron, Morgan Hill, CA. 

Circle No. 453 


Handbook features principles and 
applications for photomultiplier 
tubes. A handbook describes the oper- 
ating principles of the photomultiplier 
tube and its applications in medical 
imaging, high-energy physics, and cos- 
mic-ray research. Designers can obtain 
information on operating principles 
and construction, operating character- 
istics and considerations, and nonscin- 
tillator applications of the device. 
Philips Components, Slatersville, RI. 
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Free interactive boundary-scan 
tutorial. This free tutorial is available 
as a disk-based Windows file. Topics 
include how boundary scan works, dif- 
ferent types of test philosophies, 
approaches to pc-board design, test- 
program generation issues, and how to 
integrate boundary scan within a com- 
puter-aided concurrent-engineering 
environment. Schlumberger Tech- 
nologies ATE Div, Wimborne, Dorset, 
UK. Circle No. 455 


Profiling products and technolo- 
gies for maintenance programs. A 
32-pg catalog highlights inspection 
instruments for a variety of industries. 
It features descriptions and specifica- 
tions of products and supportive tech- 
nologies. The products include leak 
detectors to monitor toxic gases, ultra- 
sonic thickness gauges, a reference leak 
to calibrate leak detectors, combustion 
analyzers, and confined-space moni- 
tors. EPD Technology Corp, Elmsford, 
NY. Circle No. 456 


Ceramic-trimmer capacitor cata- 
log. An eight-pg guide to ceramic-trim- 
mer capacitors describes six size types 
with maximum capacitances ranging 
from 2 to 40 pF. The catalog features a 
line of prototype kits and tuning tools. 
Voltronics International Corp, 
Denville, NJ. Circle No. 457 
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CERAMIC 
RESONATORS 
Ceramic resonators- 
200 to 800 KHz 
Ceramic resonators- 
2.000 to 12.000 MHz 
a RALTRO 
Frequency Range: VCX0’s: .5 MHz — 400 MHz Sreermonit ES 
TCXO’s: 1 MHz — 50 MHz 
OCXO’s;  1MHz—50MHz CORP. 
Frequency Stability:  VCXQ’s: from +15 ppm 2315 NW 107 AVENUE 
TCX0’s: from +0.4 ppm MIAMI, FL 33172 USA 
OCX0’s: from+2x10° ppm FAX (305) 594 - 3973 
Output Options: HCMOS, CMOS, TTL, (305) 593 - 6033 
Clipped Sinewave, ECL ONLY RALTRON 
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DAVID BRUBAKER, 
FUZZY-LOGIC 
CONTRIBUTING EDITOR 


Dismantling a fuzzy rule-based system 
shows its inner workings 


Stop me if you’ve heard this one. The 
French Revolution is in full swing. The 
government has condemned three peo- 
ple—a physician, a lawyer, and an engi- 
neer—to the guillotine. As a statement of 
their innocence, all three elect to lie on 
their backs, facing upward. The lawyer 
goes first. As the blade falls, it snags and 
stops six inches above his neck. The con- 
vention is that a guillotine malfunction 
indicates divine intervention, and the 
lawyer goes free. 

The executioner 
makes a few adjustments, 
and it is the physician’s 
turn. Again, the blade 
stops short, and the 
physician also goes free. 
Now somewhat frustrat- 
ed and perhaps out of his 
league, the executioner 
again fiddles with the 
guillotine. The engineer 
is strapped in place, fac- 
ing upward. Just before 
the blade is released he calls out, “Wait a 
minute. I think I see your problem.” 

We engineers are problem solvers. We 
want to see devices work correctly and 
work well. Most of us also seem to have a 
need to know how things work. As chil- 
dren, we took apart motors, radios, the 
family television set, and anything else we 
could lay our hands on. When we retire, 
we will tinker. 

This month, we will set aside the theo- 
ry and philosophy and take apart a fuzzy 
rule-based system to see, component by 
component, how one actually works. 

For our purposes, “degree of member- 
ship” and “truth value” mean much the 
same thing. A 5-ft, 8-in. woman as a mem- 
ber of the set “tall women,” which has a 
degree of membership of 0.80, is identical 
to the statement “A 5-ft, 8-in. woman is a 
tall woman” being true with a truth value 
0.80. Keeping this in mind will help you 
wade through the following. 

A fuzzy rule-based system includes 
three sections: the fuzzification step, or 
fuzzifier, which converts crisp input val- 
ues into degrees of membership in fuzzy 
input sets; the inference step, or rule base, 


work. 


: work correctly and : 
work well. Most of 
us also need to 
know how things 


which determines from input conditions 
the actions to take; and the combina- 
tion/defuzzification step, or defuzzifier, 
which combines multiple fuzzy actions 
and determines a single crisp executable 
output. 

A fuzzy controller for a motor that 
drives the flow of a fluid provides an 
example to show the operation of each 
component. The controller has two sam- 
pled inputs, the motor’s rotational veloci- 
ty, w, and the fluid’s flow- 
rate error, e, which is the 
difference between the 
actual and the com- 
manded flow rates. The 
controller has one out- 
put, the motor-drive cur- 
rent, I,. The example is 
incomplete and inten- 
tionally artificial because 
I want to concentrate on 
how the fuzzy system 
works and not on what it 
is doing. 


Fuzzification 

Let’s first discuss the fuzzifier in terms 
of the input, w, a crisp input with values 
ranging over Ow<w<2000 rpm. Because 
this is a fuzzy system, we will work with 
the fuzzy, or linguistic, values of the fuzzy 
input Rotational_Velocity. The system 
designer assigns these fuzzy values and 
gives them labels, such as Near_Zero, 
Very_Low, Low, Medium, High, and 
Very_High. Each of these labels represents 
a fuzzy set in the operational domain of 
possible crisp values (Fig 1). You can con- 
sider each set a (fuzzy) value of the (fuzzy) 
variable Rotational_ Velocity. You can 
define each set as a membership function, 
with domain (its “x-axis”) over the possi- 
ble crisp values and range (its “y-axis”) 
from 0 to 1. 

Actual measured values are crisp (for 
example, 1025 rpm). You express rules 
using fuzzy terms, such as “if Rotation- 
al_Velocity is High then...” You perform 
fuzzification, or transformation from 
crisp to fuzzy values, by identifying to 
what degree the crisp value is a member of 
each of the fuzzy sets. 
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You typically use the label p, rang- 
ing in value over O<p<1, to represent 
this calculated degree of member- 
ship. You calculate the degrees of 
membership of a crisp-input value 
directly from the (membership) func- 
tions that represent the fuzzy sets. 

For example, w=1025 rpm results 
in a degree of membership of 0.69 in 
the set High, or 


Miign(®=1025)=0.69. 

For successful operation of a fuzzy 
system, input membership functions 
overlap. The fuzzy set Very_High, 
therefore, also contains the same 
crisp value, w=1025, or 


Mery High (= 1025)=0:31. 

It has zero membership in all other 
sets (Fig 2). You now apply these 
degrees of membership as truth val- 
ues to the conditions of rules in the 
inference step. 


Rules 

In rules, you express both condi- 
tions (antecedents) and actions (con- 
sequences) as fuzzy terms, most often 
in the form “if (condition) then 
(action).” An example is 


IF Rotational_Velocity is Medium 
AND 
Flow_Rate_Error is Positive_Large 
THEN Drive_Current is Med_Large;. 


You calculate the degree to which 
each of the conditions is true as part 


Near_Zero 


Very_Low 
Low 
( Medium 


When you treat a variable as being fuzzy, its values are also 
fuzzy. Although the fuzzy system measures a crisp input value 
of 1025 rpm, it is more interested in whether and to what 
degree the measurement is High or Very_High. 
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of the fuzzification step and apply 
these as inputs to the rule base. If a 
rule contains several conditions 
linked by one or more logic operators, 
you use fuzzy-logic operators to com- 
bine the respective truth values. 
Fuzzy-logic operators, such as AND, 
OR, and NOT, are conceptually the 
same as bilevel logic operators, but 
you define fuzzy-logic operators dif- 
ferently. If you have two fuzzy truth 
values, 1, and w,, you could define 
AND, OR, and NOT as: 


1, AND p,=mMin(w, ps) 
4, OR p,=Max(p, Ys), 
NOT p,=1-p, 


as Professor Zadeh originally defined 
them. Although others have pro- 
posed and used other fuzzy operators 
in various systems, the “Zadeh oper- 
ators” are still the most popular. 
When pw, and pw, are either O or 1, 
these definitions are the same as the 
Boolean operators. 

Any rule that has a nonzero value 
for its condition has “fired.” Because 
of overlapping input membership 
functions, more than one rule often 
fires at a time. You do this to achieve 
smooth output transitions between 
regions where a single rule fires. Now 
comes a key to how a fuzzy rule base 
works. The strength of the firing of each 
individual rule is the degree to which its 
conditions are true; you apply this 
strength as a truth value to the action or 
actions the rule indicates. If a rule fires 
weakly, the action it specifies only 
weakly impacts 


the subsequent system output. If the 
rule fires strongly, that rule’s action 
greatly affects the system output. 

In the rule above, let “Rotational_ 
Velocity is Medium” have a truth 
value of 0.69; that is, the crisp rota- 
tional velocity input, w, is a member 
of the set Medium with 0.69 degree 
of membership. Also, let “Flow_ 
Rate_ Error is Positive_Large” have a 
truth value of 0.35. The truth value of 
the rule’s condition is the AND of the 
truth values of the two expressions 
and is, therefore, the minimum 
value, 0.35. Because this value is 
nonzero, the rule has fired, and the 
truth value of the condition is 
applied as the truth value of the 
action “Drive is Med_Large” receives 
the truth value 0.35. We use this 
value in the combination/defuzzifi- 
cation step. 


Combination/defuzzification 

Each rule that fires at each system 
iteration specifies its own action. A 
degree of membership in an output 
fuzzy set now represents each fuzzy 
action. Fig 3 shows what the output 
sets for the Drive_Current output in 
our example might be. 

Two steps remain to determine the 
crisp, executable system output: 
combining all fuzzy actions into a 
single fuzzy action and transforming 
the resulting single fuzzy action into 
a crisp, executable system output. A 
single rule’s firing requires no combi- 
nation step, only defuzzification. 
Also, you can perform combination 


Very_High 


uHigh (1025)=0.69 


uVery_High (1025)=0.31 


A measured value of 1025 rpm belongs to both High and 
Very_High sets. Solving the respective membership function 
determines the degree to which the value belongs to each set. 
Thus, for w=1025, Rotational_Velocity is said to be High with 
degree of membership of 0.69 and Very_High with degree of 
membership of 0.31. 
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and defuzzification in 
either order or simultane- 
ously. 

The most popular com- 
bination/defuzzification 
technique is the “center- 
of-mass,” or “centroid,” 
technique in which each 
rule action specifies an 
output fuzzy value (such 
as “Drive_Current is 
Large”) and a strength (the 
indicated truth value). In 
the centroid method, you 
top the membership func- 
tion representing each 
fuzzy value at the value of 
the truth value, p, with 
which the rule fired. You 
calculate the center of 
mass (centroid) of each 
resulting area and deter- 
mine the center of mass of 
these centers of mass. The 
centroid of the combined 
areas defines the crisp, 
executable output (Fig 4). 

You can most easily 
visualize this process by 
treating areas as rigid 
sheets that are glued 
together. The center of 
mass of the resulting col- 
lection of sheets, the point 
at which it will balance, 
identifies the crisp output 
value to execute. 

The truth value of each 
output is not the strength 
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Large 
Med_Large 


yLarge=0.75 


uMedium=0.35 


: 
(AMPS) 


You can also define fuzzy actions linguistically and represent 
them as membership functions in the output space, in this 
case, over the range of possible drive currents. 


‘zz 


Near_Zero 


Small Medium ~ Maximum 


Med_Small 


Large 


Very_Small Med_Large —_ Very_Large 


If two triggered rules specify output actions of “Drive_Cur- 
rent is Med_ Large” (u=0.35) and “Drive_Current is Large” 
(u=0.75), the centroid method of defuzzification lops the 
tops off the respective membership functions at the specified 
uw. and then finds the center of mass of the centers of mass of 
the resulting areas. This is the same as treating the indicated 
regions as two metal plates, glued together and locating the 
balance point. In this example, the defuzzified output, which 


combination of fuzzy sets. 
you must convert it back 
into a crisp executable out- 
put. This final step is com- 
bination/defuzzification, 
or, simply, defuzzification. 
This fuzzify-infer-defuzzify 
sequence executes at each 
system time increment for 
each new set of system 
inputs, each time generat- 
ing a set of executable out- 
puts. That is how a fuzzy- 
rule-based system works. 

When I first told the guil- 
lotine joke to my family, my 
then-five-year-old daughter 
asked if the engineer also 
went free. I would like to 
think so, but probably not. 

To close, I have two 
administrative announce- 
ments. First, starting next 
year I will intersperse the 
normal tutorials, applica- 
tion discussions, and tool 
reviews with an occasional 
question-and-answer 
exchange. You readers will 
be the source of questions. 
Please send them to me 
directly using either the 
postal address or electronic- 
mail address indicated 
below. 

Second, I am attempting 
to respond to all who send 
in comments or questions 
and will continue to do so 


with which it executes, 
but rather a weight in the 
combination process. In 
our example, if a single rule were to 
fire, the executed output would be 
the same, regardless of the strength 
with which it fired. This is because 
the centroid of a vertically symmetric 
output membership function is inde- 
pendent of the level at which it is 
lopped off. 

To summarize, a fuzzy-rule-based 
system is a sampled data system that 
maps inputs to outputs through 
rules. The system samples inputs at 
each sampling interval and applies 
those inputs to the appropriate input 
membership sets to determine their 
degrees of membership in each set. 
This step is fuzzification. 

You express how a system operates 


arrow). 
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will execute, is approximately |,=1.23A (heavy vertical 


by its rules, typically using an “if- 
condition-then-action” format. The 
degrees of membership of inputs in 
fuzzy input sets are the rule condi- 
tions. You also express rule actions as 
fuzzy sets. The truth value of an 
action is the degree to which the cor- 
responding input condition is true. 
You can logically combine multiple 
expressions into a condition using 
fuzzy-logic operators. Scanning the 
rule base for a set of inputs is the 
inference step. 

When several rules fire at once, as 
is often the case in a fuzzy system, 
their actions must combine into a 
single action. In addition, because 
you express this single action as a 


unless the numbers 
involved make it impossi- 
ble. On several occasions, 
my response to an e-mailed message 
has been returned with the Internet 
equivalent of “addressee unknown.” 
For those of you who correspond via 
e-mail, please include your postal 
mailing address; if my electronic 
response bounces, I will mail it to 
you. For those of you who have sent 
e-mail to me and have not received a 
response, please send it again and 
include you poe address. 


‘David Brubekeri is a ccnsiliod f in f : rzy- 
_ system design. You can reach him at 
_ Huntington Advanced Technology, 883 


_ Santa Cruz Ave, Suite 31, Menlo Park, | 
_CA 94025-4608 or on the Internet at: 
brubaker@cup. Porva com. — 
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Recognized fo 


performance 


On Space Station Freedom, the Patriot 
ssile, European Fighter Aircraft and 
ousands of critical applications, 
erpoint dc-dc converters are the ones 
signers choose first. However you 


easure performance, Interpoint com- 
ands the field. 


REL DC-DC Converters for Every Power Level 


TR | 16t040 | ,12,15 |1,20r3 | 30W | 


16 to 40 : 


ultiple units current share 


Interpoint is recognized for broadest 
selection. From fully qualified SMD parts 
to low-cost solutions, from 5 to 285 watts. 
Interpoint has a solution for almost every 
power need. 

Interpoint is recognized for innovation. 
Our 20-year history of breakthroughs 
includes the first 70 W/in’ board-mountable 
dc-de converters. 

Interpoint is recognized for reliability. 
Our power supplies have logged more 
than 1,000,000 field hours per failure. 

Our new, fully compliant MSA Series 
offers 5 watts of power in a case just 0.27 
high. The MSA also meets MIL-STD-704A 
input voltages (up to 80V surges) with 5, 
12, and 15 Vdc outputs. 


CIRCLE NO. 137 


” 


For your FREE HI-REL 
DESIGN FIELD KIT, with 
Guides to selecting and | 
using dc-dc converters 

in HI-REL systems, call: 


1-800-822-8782 


In Europe, contact: 


Interpoint, Ltd Interpoint Sarl 

Victoria House 2-4 Boulevard de la gare 
18-22 Albert Street 95210 Saint Gratien 
Fleet, Hampshire France 

United Kingdom GU13 9RL_ Phone: 33-1-34-28-54-55 
Phone: 44-252-815511 Fax: 33-1-34-28-23-87 
Fax: 44-252-815577 


interpoint | 
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With a propagation delay of just 7.5ns, the new 
LV'T22V10 is far and away the world’s fastest 3-volt PLD. 

Its blazing speed is the only thing that keeps pace 

with today’s high-performance 3-volt CPUs. And it’s 


also loaded with critical functionality. Like low ground 
bounce (<0.8Vorp). Live insertion for on-line systems. Flexible 
3/5V mixed system support. And a variety of packages and 


temperature ranges. 


Philips 
Semiconductors 


One key to this performance breakthrough is Philips’ unique 
QUBiC BiCMOS process. It allows us to create a true 3-volt PLD, 
not a retrofitted 5-volt IC. But we're not stopping here. 
Keep an eye in the sky for a full squadron of 3-volt PLDs. 

And don't wait. Our 3-volt PLD lets you fly with today’s 
CPUs right now. Get more information and an LVT22V10 


sample kit with one call. 


1-800-447-1500 ext. 1139 


= PHILIPS 


© Philips Electronics North America Corporation, 1994 Cl RCLE NO. 2 


Accept no substitutes. 


CHOICES. We offer you three distinct 
families of antifuse FPGAs that provide 
more than 300 different combinations of 
speed, density and packaging. So you 
never settle for less than you need—or pay 
for more than you want. Also, to ensure you 
a plentiful supply at competitive prices, 
we’ve added Arrow Electronics worldwide 


EASY TO USE. Our highly automated Designer Series 

can cut days, weeks or even months off your design cycle. Our 
automatic placement and routing tools let you make last minute 
design iterations with minimal compromises. Recent additions 
include ACTmap™ FPGA Fitter, a logic synthesis and optimization 
tool, ACTgen™ Macro Builder, a powerful parameterized macro 
function generator, and ChipEdit, the first of our new generation 
of graphical design tools created especially for the Windows™ and 


to our list of distributors, which in North 
America includes Pioneer and Wyle. 


PT a 


ANTIFUSE 


FAST AND PREDICTABLE. The Actel antifuse is a very FPGA 


low RC interconnect element. And our patented segmented 
routing offers almost any length of routing track, which 
minimizes RC for any chosen path. The result is fast, 
predictable timing, even at high capacities. You get fast 
logic, such as 167 MHz counters and datapath and 

7.5 ns clock-to-out speeds. Which lets you 
achieve fast designs like 100 Mbit Ethernet 
receivers, 100 MHz graphics controllers, and 
50 MHz DRAM and DMA controllers. 
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AFFORDABLE. The special combination 
of the Actel antifuse and channeled 
architecture gives you the best value in 
logic today. Our antifuse element is far 
smaller than competitive switching tech- 
nologies, delivering greater capacity and 
more functionality in smaller die sizes. 

And less silicon equals lower costs. Plus, 
our channeled architecture lets you use 
more of the available logic on every chip. 


Specify only original, genuine 
antifuse FPGAs from Actel. 

In 1988, we pioneered the first antifuse 
FPGAs. Since then, we’ve continued to 
expand our technology to give you 
even greater speed, capacity and 
design flexibility. Today, nobody can 
match the fast, flexible design of Actel 
FPGAs because nobody can duplicate 
our technology. We hold 40 patents 
on our antifuse and channeled 


architecture alone. 


X-Window environments. All of which 
are fully integrated within our core 
Designer system. 


FLEXIBLE. Actel FPGAs and design tools 
give you the freedom to shrink all or some 
of your system’s logic onto a single program- 
mable device. Only Actel really lets you fix your 
I/O pins before you’ve finished your design, 
so that work can progress on other parts 
of your system. You get all that, plus high 
gate utilization, thanks to the plentiful 
routing resources that are an inherent 
part of our antifuse technology. 


SYNTHESIS FRIENDLY. Our 
antifuse and channeled architecture give 
you small, homogeneous logic modules, 
which make our FPGAs extremely well 
suited to high-level design techniques such 
as HDL/VHDL and synthesis. In addition, 
we’ve assured that the most popular HDL/VHDL 
and synthesis tools work with our architecture— 
including tools from Cadence™, Exemplar, IST, 
Mentor Graphics®, Synopsys®, and Viewlogic®. 


With microprocessors and memory increasingly 
standardized, logic design may be the only area 
where you can differentiate your product. So 
don’t risk your design on anything less than the 
genuine article: Actel antifuse FPGAs. For 
information, call 1-800-228-3532. You’ll agree, 


there’s no substitute for the real thing. 


955 East Arques Ave., Sunnyvale, CA 94086-4533 


1-800-228-3532 


908-225-0700 (outside North America) 
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Here’s a revelation for € E T T H E P O \W E R 
everyone designing with A N D T H EF G L e R Y 


CPLDs and FPGAs. 
Warp3 ™ is the easiest 
way into VHDL and the 
fastest design path for 
high-density program- 
mable logic: from creation through optimization. 
Warp3 is based on ViewLogic’s™ highest-end 


T™ 


AND BRING A MORE ENLIGHTENED 


Powerview’ and Workview Plus’ graphical 


environment for Sun and PC platforms. Now you 


can reevaluate designs in minutes—not hours— 


Or contact us via Europe and Asia fax and telephone numbers listed below. *The international operator can give you your country’s specific access code. 
Europe: Fax (32) 2-652-1504. Telephone Hong Kong: (852) 710- 
8121. India: (812) 566-630 x-3808. Japan: (81) 423-69-82-11. 
Korea: (82) 2-576-2111 or (82) 2-888-2858. Singapore: (65) 294- 
8389. Taiwan: (886) 2-820-53-53. Warp and UltraLogic are 
trademarks of Cypress Semiconductor © 1994 Cypress 
Semiconductor, 3901 North First Street, San Jose, CA 95134 
Phone 1-408-943-2600. 


APPROACH TO PROGRAMMABLE LOGIC. 


with automatic place and 
route and fitting. Enjoy full 
timing simulation, mixed 
mode design entry and 
schematic capture. Designs 
can be targeted to Cypress’s 
UltraLogic™ family of high- 


performance pASIC380 FPGAs and high-density 
FLASH370 CPLDs, or to alternate devices without 
modification. Try it for yourself. And see the light. 
For a free demo disk and brochure call in Europe: 
(32) 2-652-0270, ext 119°, Dept C4H. 


= s CYPRESS 


